y * 


ISSN: 2298-0946, E-ISSN: 1987-6114; DOI Prefix: 10.36962 
MAY-JULY 2019 VOLUME 32 ISSUE 05 


fll»li\l!'5U 

A/i» IWO 00>Vi1 y« («rwyv UnMrvIvli 

© THE SOUTHERN CAUCASUS SCIENTIFIC JOURNALS 

THE CAUCASUS 

ECONOMIC & SOCIAL ANALYSIS JOURNAL OF SOUTHERN CAUCASUS 

MULTIDISCIPLINARY JOURNAL 
REFEREED & REVIEWED JOURNAL 




' CONF 


OCEEDIN* 


ELMI-PRAKT) 
5TiEML0Ri: PP 


I0LXALQ 


EHUMH “COBlfHlBHH 
'nPABJlEHMH: rmQEffl 


AH HAYHHO-riP, 
HblE, M3MEPMTE 
!0lt^(CMMyC-20 



DEAR 

We invite you to 

1st International Scientific-Practical Conference 


MODERN INFORMATION, MEASUREMENT AND CONTROL 
SYSTEMS: PROBLEMS AND PERSPECTIVES 2019 
(MIMCS'2019) 


July 01-02, 2019, Baku, Azerbaijan 



L._ 

Organizing commitee A 

gft mlmcs.org 

V infojifiiimcs.org 

ASOIU, Azerbaijan, Baku, 

Azadlig avenue 20, AZ 1010 


UBFC 


/ N 


lonltoz Tchnoloji 




IIRET 


NGO THE INTERNATIONAL RESEARCH EDUCATION S TRAINING CENTER 











































"An investment in knowledge always pays the best interest." Benjamin Franklin 


ISSN: 2298-0946, E-ISSN: 1987-6114; DOI Prefix: 10.36962 
MAY-JULY 2019 VOLUME 32 ISSUE 05 

© SOUTHERN CAUCASUS SCIENTIFIC JOURNALS 

THE CfiCJCfiSCJS 

ECONOMIC & SOCIAL ANALYSIS JOURNAL 


MULTIDISCIPLINARY JOURNAL 
REFEREED & REVIEWED JOURNAL 


JOURNAL INDEXING 

GENERAL IMPACT FACTOR 2017-1.9519 
GLOBAL IMPACT FACTOR 2018-0.721 
INTERNATIONAL SOCIETY OF INDEXING 2018 - 2.054 
Impact factor PklHU 2017-0.038 
IPI Value: 2.52 (2018) 


i Crossref 




Academia.edu 


n. 


Academic 

Resource 


Gooole 

scholar O 

zotero 

SHERPA/R*MEO 


OpenAIRE 


ZBHOdO 


Fag no AGR1S/CARIS 

•NIUCNAIKINA. 

_ MORMAUOSMSIUI 

‘Cana 

► aoochtuiai sciences 

’ AND TECHWXOCV 


?BASE 
RESEARCHER ID 

THOMSON HtUrtRS 




UNITED KINGDOM, LONDON 2019 









Editors-in-chief: 


Historical and Natural Sciences 

Lienara Adzhyieva 
Tubukhanum Gasimzadeh 

Social, Pedagogy Sciences & Humanities 

Eka Avaliani 

Medicine, Veterinary Medicine, Pharmacy and Biology Sciences 

Mariam Kharaishvili 

Technical, Engineering & Applied Sciences 

Nikolay Kurguzov 

Regional Development and Infrastructure 

Lia Eliava 

Economic, Management & Marketing Sciences 

Badri Gechbaia 

EDITORIAL BOARD LIST SEE PAGE 176 


ISSN: 2613-5817; E-ISSN: 2613-5825; DOI prefix: 10.36962 

©Publisher: LTD International Research, Education & Training Center. (UK, London), 

Director and shareholder: Alexandra Cuco. Lawyer. Portugal. 

Deputy and shareholder: Namig Isazade. PhD in Business Administration. 

©Editorial office: 71-75 Shelton Street, Covent Garden, London, WC2H 9JQ, UK. 

©Typography: LTD International Research, Education & Training Center. (UK, London). 

Registered address: 71-75 Shelton Street, Covent Garden, London, WC2H 9JQ, UK. 

Telephones: +994 55 241 70 12; +994 51 864 88 94 
Website: http://sc-media.org/ 

E-mail: gulustanbssjar@gmaill.com, sc.mediagroup2017@gmail.com 

©Publisher: NGO International Research, Education & Training Center. 

Management Board Member: Seyfulla Isayev. 

©Editorial office: Narva mnt 5, 10117 Tallinn, Estonia. 

©Typography: NGO International Research, Education & Training Center. BS Journals. 

Registered address: Narva mnt 5,10117 Tallinn, Estonia. 

Telephones: +994 55 241 70 12; +994518648894; +994 55 241 70 09 
Website: http://sc-media.org/ 

E-mail: gulustanbssjar@gmaill.com, sc.mediagroup2017@gmail.com, caucasusblacksea@gmail.com 


© The Southern Caucasus Media. NGO RAIDCG. All rights reserved. Reproduction, store in a retrieval system, or transmitted in any form, 
electronic, mechanic photocopying of any publishing of Southern Caucasus Scientific Journals permitted only with the agreement of the publisher. 
The editorial board does not bear any responsibility for the contents of advertisements and papers. The editorial board’s views can differ from the 
author’s opinion. The journal published and issued by The Southern Caucasus Media. 





ISSN: 2298-0946, E-ISSN: 1987-6114 


JULY 2019 VOLUME 32 ISSUE 05 



TABLE OF CONTENTS 


Bagigov Elmin, Veliyev Hasan, Isgandarzada Elgin 

TEXNOLOJi PROSESL0RDQ METROLOJi T0MiNATIN i§L0NiLM0Si.05 

A.N.Badalova, N.S.Valehov 

Gis 0SASINDA XAQMAZ RAYONUNUN TORPAQ V0 ME§0 ORTGyGnGN YAMACLARIN 
MEYLLiYiNDON ASILI OLARAQ EKOLOJi QiYM0TL0NDiRiLM0Si.09 

Bakirova Lala, isgandarova Solmaz 

M0HSULUN T0RKiBiN0 OPTiK N0ZAR0T SiSTEMiNiN ARAKTERiSTiKALARININ 
YAX§ILA§DIRILMASI.15 

Hasanova ilaha, Quliyeva Xatira 

PEYK M0LUMATLARI 0SASINDA ATMOSFERiN T0RKiBiND0Ki QiRKLONDiRiCi QAZLARIN 
K0MiYY0TC0 QiYM0TL0NDiRiLM0Si.23 

Hiiseynova Saadat 

LAZERL0RiN QURULU§U V0 TOTBlQ SAH0L0Ri.31 

Iskandarov Nabi, Sliyeva Lamiya, isgandarzada Elgin 

METROLOJi TOMiNATIN NEFT S0NAYESiND0 ROLU.36 

Lamiya ismayilova, S.G.Rzayeva 

KOK HOCEYR0 TERAPiYASININ iNSAN ORQANiZMiNDO MAHiYYOTi.40 

Kalbiyev Namiq 

UQU§ M0LUMATLARINDA X0TALARIN OX§ARLIQ MEYARINA 0SAS0N A§KAR EDiLMOSi 
METODU.44 

Oruc Mehraliyev 

ARiTMiYALARiN DiAQNOSTiKASi V0 MUALiC0Sil\ID0 BiOTiBBi CiHAZLARiN YERi.48 

Musavi Ulkar 

M0D0-BAGIRSAQ TRAKTININ PATOLOGiYASININ A§KARLANMASINDA MGAYiNO V0 
SiMPTOMOKOMPLEKS NOVLORiNiN ANALiZi.52 

P.Y. Nagiyev,. A.R. Mehtiyeva., N.M. Qsadova, E.L.Yuryeva 

KOSMOSDAN MUXTOLiF iLL0RD0 Q0KiLMi§ T0SViRL0RiN TOHLiLi 0SASINDA KGR-ARAZ 
OVALIGI TORPAQLARININ MELiORATiV V0ZiYY0TiND0 GETMi§ D0Yi§iKLiKL0R.55 

Agayev Kamran 

“HADOOP KLASTER”-iNiN QGRGLMASI.60 

Ha6neBa Cetiapa 

BblRBFIEHME OrPAHEHHbIX HAHOOCTPOBKOB nPH OBJiyMEHMM B TEPMO-0J1EKTPI/NECKMX 

MATEPHAJ1AX HA OCHOBE BI 2 TE 3 .75 

L.A.Qardagova, Y.M.Hasanova 

QOXMEYARLI Q0RAR Q0BGLETM0D0 QEYRI SOLIS VERIL0NL0R0 0SASLANAN 

TOPSIS GSGLG.78 

T.A.Qasimova 

iNFORMASiYA COMiYYOTi: AZ0RBAYCANDA KOSMiK SONAYENiN iNKi§AF 

PERSPEKTiVLORi .84 

Ramazanov Kamaladdin, Safarov Surxay 

HESABLAMA EKSPERiMENTLORi 0SASINDA MGXTLiF METEOROLOJi §0RAiTD0 EKViVALENT- 
EFFEKTiV TEMPERATGRGN D0Yi§M0SiNiN QiYMOTLONDiRiLMOSi .88 

Sardarov Yaqub, 9zizova ilaha 

KATALiTiK KREKiNQ iSTEHSALAT SAHOSi GZR0 REJiM PARAMETRLORiNiN OPERATiV 

GQOTGNA DAiR VERiLONLOR BAZASININ YARADILMASI.95 

AbqyjuiaeB H.T., AxMeqoBa X.P., M6parmviOBa M.fl., XacMaivieflOBa T.T 
KOflMPOBAHME KAK CnOCOB CTAHflAPTM3AI4MM OKrflJIR ABTOMATM3AI4MM BblflAHM 

flMArHOCTMHECKMM 3AKmOHEHMM . 101 

AraeB klMpaH, Haivrnr Mca3aqe 

M3MEPEHMR COJ1HEHHOM nOCTORHHOM HOBbIM METOflOM MCnOJlb3yfl flByXBO^HOBblX 
0OTOMETPOB. 106 


1st International Scientific-Practical Conference: 

Modern Information, Measurement and Control Systems: Problems and Perspectives (MIMCS 2019) 



THE CffUCffSUS 

ECONOMIC AM) SOCIAL ANALYSIS JOURNAL OF SOUTHERN CAUCASUS 


1 
























ISSN: 2298-0946, E-ISSN: 1987-6114 


ft*SOUTHERN CAUCASUS SCIENTIFIC JOURNALS 

4 ? THE CAUCASUS 

ECONOMIC ANO SOCIAL ANALYSIS JOURNAL OF SOUTHERN CAUCASUS 


JULY 2019 VOLUME 32 ISSUE 05 


AraeB MwipaH, Haivmr Mca3afle 

yCOBEPLUECTBEHHAH METOflMKA flJIH M3MEPEHMH flPPIMOM HOPMAJlbHOM COJIHEHHOM 


PAflMA uy\v\ .Ill 

A4)aHacbeB M.C., HyneBa T.B., Ha6neB A.3., TyceiiHOB flw.M., Annee H.LLI. 

AM3J1EKTPMHECKAH CBOMCTBA CErHET03JlEKTPMHECKMX nJIEHEK Bao-sSroiTiOs HA 

[1EPEMEHHOM TOKE. 115 

Be/uieB Mnp3a 

COBPEMEHHblE TEXHOJIOrMM M METOflbl OnPEflETIEHMH CAXAPHOTO flMABETA 
BMOMEflMqMHCKMMM I1PMEOPAMM. 120 

CTepiOK B.M., ropnU 46 HKO K.J1., LUeBHyK O.B. 

AHAJ1M3 MATEMATMHECKMX MOflEJIEM MHOI~OHACTOTHblX rTbE30PE30HAHCHblX 

ABTOKOJIEBATEflbHblX CMCTEM.123 

PyflHMH6HKO H.fl., BbinyiKaHMH B.B., LUn6aeBa H.O., Liln6aeB fl.C. 

PA3PABOTKA nPOEKTA CMCTEMbl HAT-BOTA C I1PMMEHEHMEM MCKYCCTBEHHblX 

HEMPOHHbIX CETEH flJIfl AHAJ1M3A BOJlbLUMX OBTdEMOB flAHHbIX. 129 

riyHHeHKO H.O. 

3KCnEPHMEHTAJ1bH0E MCCJIEflOBAHME TOHHOCTM M3MEPEHMR rjlYBMH 

3X0J10TAMM.135 

EropoBCxafl ranmna, flopoxoB AjiexcaHflp, HepHOB BnaanMnp 

CMCTEMA nOflflEP>KKM nPMHRTMR PELUEHMn nPH BbIBOPE CTPATETMM TECTMPOBAHMfl 
[IPOrPAMMHOrO OBECriEHEHMfl.140 

HcMaMJiOB E. r. 

AHAJ1M3 MMMTAMMOHHOH MOflEJIM CMCTEMbl BE30I1ACH0CTM MHOOPMAI4MM B CETRX 
0BCJ1Y>KMBAHMH. 147 

MycaeBa M.A. 

MHcDOPMATMBHOCTb no LUEHHOHY I1APAMETPOB MATEMATMHECKMX MOflEflEH.152 

naujaeB Apncj3, McxeHflepoB Acacp 

MOflEJlM HEPA3PYLUAIOLHEM flMATHOCTMKM KOHCTPYKI4MM .157 

Agayev Farid, Hasanli Xatira 

MERKLE AGACININ YARADILMASI V0 BLOKZ0NCiRi (BLOCKCHAiN) 0SASLI KiBER 
T0HLUK0SiZLiK SiSTEML0RiNiN STRUKTURU.162 

Mehdiyeva Almaz, Quliyeva Sevinc 

ENERJi KEYFiYY0TiN0 N0ZAR0T V0 OLQM0 D0QiQLiYiNiN ARTIRILMASI.168 

TacaHmi XaTupa 

CTPATErMR OPrAHM3AI4MM M MHflMBMflYAJlbHOH MHOOPMAMMOHHOM 

BE30I1ACH0CTM.173 


1-ci Beynalxalq Elmi-Praktik Konfrans: 

Muasir Informasiya, Olgma va Idaraetma Sistemlari: Problemlar va Perspektivlar (MiOiS-2019) 



THE CAUCASUS 

ECONOMIC AND SOCIAL ANALYSIS JOURNAL OF SOUTHERN CAUCASUS 


















ISSN: 2298-0946, E-ISSN: 1987-6114 


JULY 2019 VOLUME 32 ISSUE 05 



TEXNOLOJi PROSESL0RD0 METROLOJi T0MiNATIN i§L0NiLM0Si 


1 Bagi§ov Elmin, 2 V9liyev Hasan, 3 lsgandarzada Elgin 

^Azarbaycan Dovlat Neft va Sanaye Universiteti. Doktorantura gobasi,. (Azarbaycan) 

3 Metrologiya va standartlagdirma kafedrasi, T.E.D. Professor. Azarbaycan Texniki Universiteti. (Azarbaycan) 

Email: 1 elmin. baghishovs@gmail.com^isgenderzadeh@rambler.ru 

ABSTRACT 

The term "Metrological assurance" is generally belong to measurements (testing, control). An analysis of the 
measurement, testing and control of the entity is based on the purpose of determining the condition of metrological 
assurance to meet certain requirements and for preparing new proposals based on it. In addition, the term 
"Metrological assurance of technological process" is also used. Here, the metrology assurance of measurement is 
understand to be the use of the organization in the production process. 

The object of metrological assurance is all stages of product development, namely its life cycle and service. It is 
understand as the life cycle of the product, from the formation of the initial requirements to it, to the complexity of 
processes of creation and transformation, consistent with the exploitation or utilization. 

The parameters to be controlled, accuracy, observations, measurements, controls and trials are selected to ensure 
high quality of the product during the preparation stage. Besides, metrological examination of constructor and 
technological documentation is carried out. 

Keywords: Metrological support, metrology, measuring instruments, measurement, quality, calibration. 

XULAS0 

“Metroloji taminat” anlayigi butovlukda olgmalara (sinaqlara, nazarata) aid edilir. Muassisada olgmanin, sinagin va 
nazaratin vaziyyatinin analizi, metroloji taminatin muayyan talablara cavab vermasi vaziyyatini tayin etmak va onun 
asasinda yeni takliflarin hazirlanmasi maqsadini asas goturur. Bundan bagqa ‘‘texnoloji prosesin metroloji taminati” 
anlayigindan da istifada edilir. Burada olgmanin metroloji taminatimn verilmig prosesda, istehsalatda tagkilatda 
istifadasi baga dugulur. 

Metroloji taminatin obyekti mahsulun hazirlanmasimn butun marhalalari, yani onun hayat tsikli va xidmatdir. 
Mahsulun hayat tsikli kimi, ona verilan ilkin talablari formalagdirmaqdan baglayaraq istismar, yaxud istifadaya qadar 
olan, ardicil qargiliqli alaqali yaratma va dayigma proseslarinin macmuu baga dugulur. 

Mahsulun hazirlanmasi marhalasinda yuksak keyfiyyati tamin etmak ugun nazarat edilacak parametrlar, daqiqlik 
normasi, mugahidalar, olgma, nazarat va sinaq vasitalari segilir. Bundan bagqa konstruktor va texnoloji sanadlarin 
metroloji ekspertizasi kegirilir. 

Agar sozlar: Metroloji taminat, metrologiya, olgma vasitalari, olgma, keyfiyyat, kalibrlanma. 

PE3K5ME 

TepMMH «MeiponornHecKoe o6ecneHeHne» othocht k n3MepeHHHM (lecinpoBaHnnM, KOHTpomo). AHann3 
n3MepeHnn, ncnbuaHnn n Komponn npeflnpnmnn ocHOBaH Ha qennx onpefleneHHn ycnoBnn MeiponorMHecKoro 
o6ecneHeHnn Ann yAOBneTBopeHMn onpeAeneHHbix Tpe6oBaHnfi m Ann noAroTOBKH HOBbix npeAnoweHMM Ha era 
ocHOBe. Taioxe ncnonb3yeicn TepMMH «MeTponornHecKoe o6ecneMeHne TexHonomnecKoro npoqecca». 3Aecb noA 
MeiponorMHecKMM o6ecneHeHneM M3MepeHnfi noHMMaeTcn ncnonb30BaHne era b npon3BOACTBeHHOM npoqecce. 
06teKTOM MeiponorMHecKoro o6ecneMeHnn HBnniOTcn Bee aianbi pa3pa6oTKM npoAyKia, a mvieHHO era >KH3HeHHbin 
qMKn m o6cny>KMBaHMe. noA >KM3HeHHbiM qMKnoM npoAyKia noHMMaeTcn npoqecc co3AaHnn m M3MeHeHnn 
comacoBaHHbix B3anMOAeMCTBHM, ot cfiopMynMpoBaHHn HananbHbix Tpe6oBaHMM k HeMy ao aKcnnyaiaqHM nan 
MCn0Jlb30BaHHH. 

riapaMeipbi, noAne>KaiAMe KOHTpomo, TOHHOdb, Ha6niOAeHMn, M3MepeHnn, KOHTponb m ncnbiTaHnn Bbi6npaiOTC!i 
Tax, HTo6bi o6ecneHmb Bbicoxoe KanecTBO npoAyxia Ha aiane noAroTOBKH.TaioKe npoBOAHTcn MeiponorMHecKan 
3KcnepTM3a KOHCipyKTopcKO-iexHonorMHecKOM AOKyMeHTaqHM. 

KatoneBbie cnoBa: MeiponorMnecKoe o6ecneHeHne, Meiponornn, cpeACTBa M3MepeHHM, M3MepeHMe, KanecTBO, 
«ann6poBKa. 
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GiRi§ 

Metroloji taminat kimi olgmanin vahidliyinin va talab edilan blgma daqiqliyinin tamin edilmasi ugun vacib olan elmi va 
tagkilati asaslarin, texniki vasitalarin, qayda va normalarin tayin va tartib edilmasi baga dugulur. 

Olgmanin keyfiyyati, olgmanin daqiqliyi ila muqayisada daha genig mahfumdur. O, olgma vasitalarinin olgma 
naticalarinin veriimig muddatda talab edilan daqiqlikla (buraxila bilan xatalarin olgulari), dogruluqla, duzgunlukla, 
uygunluqla va aks etdirilmakla alinmasim tamin edan xassalarinin macmusunu xarakteriza edir. 

“Metroloji taminat” anlayigi butovlukda olgmalara (sinaqlara, nazarata) aid edilir. Bundan bagqa “texnoloji prosesin 
metroloji taminati” anlayigindan da istifada edilir. Burada olgmanin metroloji taminatimn veriimig prosesda, 
istehsalatda tagkilatda istifadasi baga dugulur. 

Metroloji taminatin obyekti mahsulun hazirlanmasimn butun marhalalari, yani onun hayat tsikli va xidmatdir. 
Mahsulun hayat tsikli kimi, ona verilan ilkin talablari formalagdirmaqdan baglayaraq istismar, yaxud istifadaya qadar 
olan, ardicil qargiliqli alaqali yaratma va dayigma proseslarinin macmuu baga dugulur. 

Mahsulun hazirlanmasi marhalasinda yuksak keyfiyyati tamin etmak ugun nazarat edilacak parametrlar, daqiqlik 
normasi, mugahidalar, olgma, nazarat va sinaq vasitalari segilir. Bundan bagqa konstruktor va texnoloji sanadlarin 
metroloji ekspertizasi kegirilir. 

Metroloji taminati iglayarkan sistemli yanagmadan istifada etmak lazimdir. Ona bir maqsadla, yani talab edilan 
keyfiyyati tamin etmak maqsadi ila birlagdirilmig qargiliqli alaqali proseslarin macmuu kimi baxilmalidir. Bela 
proseslar agagidakilardir: 

- mahsulun keyfiyyatina nazarat edarkan va proseslarin idara edilmasinda, olgulan parametrlarin rasional 
nomenklaturasim va olgmanin daqiqliyinin optimal normalarmin tayin edilmasi; 

- olgma vasitalarinin, sinaq va nazaratin texniki iqtisadi asaslandirilmasi va segilmasi, onlarin rasional 
nomenklaturasimn muayyanlagdirilmasi; 

- istifada edilan nazarat-olgma texnikasimn standartlagdirilmasi, vahidlagdirilmasi va aqreqatlagdirilmasi; 

- olgmanin yerina yetirilmasinin, sinaqlarin va nazaratin muasir metodlarimn iglanmasi, tatbiq edilmasi va 
attestasiyasi; 

- muassisalarda tatbiq olunan nazarat olgma va sinaq avadanliqlarimn yoxlanmasi, metroloji attestasiyasi va 
kalibrlanmasi; 

- istehsalatda nazarat olgma va sinaq avadanliqlarimn vaziyyatina, tatbiqina va tamirina, hamginin muassisalarda 
metroloji qaydalara va normalara amal olunmasina nazarat; 

- muassisa standartlarimn iglanmasinda va tatbiqinda igtirak etmak; 

- beynalxalq, dovlat va saha standartlarimn, hamginin bag dovlat standartlari tagkilatimn digar normativ sanadlarini 
tatbiq etmak; 

- normativ, konstruktor va texnoloji sanadlarin metroloji ekspertizasim aparmaq; 

- olgmanin vaziyyatinin analizini aparmaq va onun asasinda metroloji taminatin takmillagdirilmasi ugun tadbirlar 
hayata kegirmak; 

- uygun xidmatlarin va bolmalarin iggilarini nazarat olgma amaliyyalarim yerina yetirmak ugun hazirlamaq. 

Metroloji taminatin dord asasi vardir: elmi, tagkilati, normativ va texniki. Onlarin mazmunu gakil 1-da verilmigdir. Metroloji 
taminatin tadbirlarinin iglanmasi va aparilmasi metroloji xidmata havala olunmugdur. Metroloji xidmat qanunvericilik 
asasinda yaradilmigdir, ona olgmanin vahidliyinin tamin edilmasi, metroloji nazarati va yoxlanmasinin hayata kegirilmasi 
tapgirilmigdir. 
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Metroloji tominat 


Elmi osast 


Normativ osasi 


Texniki osasi 


To§kilati osasi 


Dovlot metroloji 
xidmoti 


0razi metroloji 
xidmoti 


Metrologiya 


Olpmonin vahidliyini 
tomin edon dovlot sistemi 


Sistemlor: 

• Fiziki komiyyotbrin 
vahidbrinin dovlot etalonlan 

• Fiziki komiyyot vahidbrinin 
olyubrinin etalonlardan i§pi 
metroloji vas its loro oturiilmosi 

• i§?i olpmo vasitobrinin 
i§bnmosi, istehsalata verilmosi 
vo buraxilmasi 

• Olpma vasitobrinin dovlot 
sinagi 

• Olpms vasitobrinin dovlot 
yoxlanmasi vo kalibrlonmosi 

• Materiallann vo maddolorin 
standart niimunolorinin torkibi 
vo xassolori 

• Materiallann vo maddolorin 
fiziki konstantlan (sabitlori) vo 
xassolori haqqinda standart 
sorgu materiallari 


§okil 1. Metroloji teminatin esaslari 

Metroloji teminatin moqsadleri ve meseleleri.istehsalatin metroloji teminatinda esas meqsedler: 

Mehsulun yiiksek keyfiyyetli olmasinanve istehsal proseslerinin avtomatlapdirilmasimn yiiksek 
seviyyesine,istehsalatin idare edilmesinin semereliliyine; 

insanlarin emek psraitinin ve msipstinin, etraf muhitin muhafizssinin profilaktikasi, 
normallapdirilmasi ve onlara nezaret, tebii ehtiyatlarin qiymetlendirilmesi ve onlardan rasional 
pskilds istifade olunmasi iizre tedbirlerin semereliliyine; 

detallarin, qovpaqlarin ve aqreqatlarin qarpiliqli evezolunmasina, istehsalatin kooperasiyasi ve 
ixtisaslapdirilmasi ugun zeruri psraitin yaradilmasina; 

elmi-tedqiqat ve tscrubi-konstruktor iplsrinin, eksperimentbrin ve sinaqlarin semerililiyine; 
maddi servetlerin ve enerji ehtiyatlarimn upotunun etibarliligina ve onlardan istifade edilmesinin 
semsreliliyinin yuksakdilmesine; 

neqliyyatin idare edilmesinin avtomatlapdirilmasimn yiiksek seviyyesine ve onun hereketinin 
tehliikesziliyine; 

rabitenin yiiksek keyfiyyetine ve etibarliligina nail olmaqdir; 

istehsalatin hazirlanmasimn metroloji teminati.Sanaye mahsulunun yaradilmasi prosesi, istehsalatin hazirlanmasi vs 
yeni msmulatin oziinun istehsal olunmasi kimi iki msrhslsdsn ibarstdir. 

Mehsulun iplsnmssi vs hazirlanmasi miiddatlarinin qisaldilmasinda onun istehsalimn hazirlanmasimn keyfiyyst 
boyiik shsmiyysts malikdir. istehsalatin hazirlanmasina onun maddi-texniki techizati, konstruktiv, tspkilati-iqtisadi, 
maliyys vs metroloji hazirlanmasi daxildir. 

Konstruktiv hazirlanma yeni mehsulun iplsnilmssi, tecrubi niimunssinin hazirlanmasi vs sinagindan ibarstdir. 
istehsalatin texnoloji hazirlanmasi texnoloji proseslerin iplsnilmssidir. 

Maddi-texniki techizat sifaripin tsrtib edilmssini, materiallann, detallarin, destlepdirici msmulatlarin tedarukiinu 
nszsrde tutur. 
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Tagkilati-iqtisadi va maliyya tadbirlari istehsalatin tagkili va planlagdirilmasi ila alaqadartadbirlardir. 
istehsalatin metroloji hazirlanmasi olka miqyasinda xalq tasarrufatinm metroloji taminatimn tarkib hissasidir. 
istehsalatin hazirlanmasimn metroloji taminati mamulatin (mahsulun) istehsali iigitn zaruri olan xarakteristikalarmi, 
texnoloji proses va avaanliqlari talab olunan daqiqlikla tayin edan tagkilati-texniki tadbirlar kompleksidir. 

Muassisa ugun istehsalatin metroloji taminati olgma vasitalarina nazaratdan istehsalata metroloji nazarata kegmak 
demakdir. 

istehsalatin metroloji hazirlanmasi prosesinda muassisanin metroloji gobalari, nazirliyin (idaranin)n metrologiya uzra 
baza va bag tagkilatlari, “Azarbaycan Respublikasimn Antiinhisar va istehlak Bazarina Nazarat Dovlat Agentliyinin 
arazi orqanlari va metrologiya uzra miivafiq struktur bolmalari da daxil olmaqla nazirlik (idara) va dovlat metroloji 
xidmatlarinin butun manqalari igtirak etmalidir. Muassisa metroloji xidmati istehsalatin metroloji taminatinda tayinedici 
rol oynayir. 

N0TiC0 

Muassisada olgmanin, sinagin va nazaratin vaziyyatinin analizi, metroloji taminatin muayyan talablara cavab vermasi 
vaziyyatini tayin etmak va onun asasinda yeni takliflarin hazirlanmasi maqsadini asas goturarak olgmalarin qeyri- 
muayyanliklarinin minimuma endirilmasi ila metroloji xidmatin, muassisasinin digar texniki xidmatlari ila metroloji 
taminat masalalari uzra qargiliqli alaqasinin effektivliyi artirmaqla keyfiyyati artira va raqabata davamlilgi yuksalda 
bilarik. Eyni zamanda yuksak daqiqliya va mahsuldarliga malik yeni yoxlama va kalibriama vasitalarina, standart 
numunalarin yeni tiplarina talabati muayyanlagdirmakdir. 

0D0BiYYAT 

1. E.B.isgandarzada, Z.Y.Aslanov. Olgma va nazaratin usul va vasitalari. Baki, Vektor, 2017 

2. N.H.Farzana, H.C. Cafarov, S.M. Abbasova. Metrologiyamn asaslari, Baki, 2016 

3. N.H. Farzana, Q.X.Qliyev, H.C. Cafarov, R.Q. Haciyev. Standartlagdirma, sertifikasiya va metroloji taminatin 
asaslari. Baki. ADNA, 2002. 


1-ci Beynalxalq Elmi-Praktik Konfrans: 

Muasir Informasiya, Olgma va Idaraetma Sistemlari: Problemlar va Perspektivlar (MiOiS-2019) 



THE CfiUCfiSUS 

ECONOMIC AND SOCIAL ANALYSIS JOURNAL OF SOIIIIHKN CAUCASUS 





ISSN: 2298-0946, E-ISSN: 1987-6114 


JULY 2019 VOLUME 32 ISSUE 05 



Gis 0SASINDA XAQMAZ RAYONUNUN TORPAQ V0 ME§0 ORTUYUNUN 
YAMACLARIN MEYLLiYiND0N ASILI OLARAQ EKOLOJi QiYM0TL0NDiRil_M0Si 


A.N.Badalova., N.S.Valehov 
Milli Aviasiya Akademiyasi 
Email: 

ABSTRACT 

The article discusses the study of soil and vegetation cover of Khachmaz region through space images and 
geographic information systems, environmental assessment and mapping of soils. Based on the data obtained, it 
was determined that the soil and vegetation of Khachmaz region underwent various degradation processes as a 
result of natural and anthropogenic factors. 

Keywords: Earth cover, erosion, space pictures, evaluation, mapping 

XULAS0 

Maqalede Xagmaz rayonunun torpaq vo bitki ortuyunun kosmik gakillar vo cografi informasiya sistemleri vasitosila 
oyranilmasi, torpaqlarin ekoloji qiymatlandirilmasi va xaritalagdirilmasindan bahs edilir. Qlda olunan malumatlar 
asasinda Xagmaz rayonunun torpaq va bitki ortuyunun son zamanlar tabii va antropogen amillarin tasiri naticasinda 
muxtalif daracada deqradasiya proseslarina maruz qalmasi muayyanlagdirilmigdir. 

Agar sozlar: Torpaq ortuyu, eroziya, kosmik gakillar, qiymatlandirma, xaritalagdirma 

Xagmaz rayonu Boyiik Qafqazin gimal-garqinda Samur-§abran ovaliginda yerlagir. Rayon arazisi gimal, garq, 
canub-garqdan Xazar danizi, canubdan §abran, canub-qarbdan Quba, qarbdan Qusar rayonlari, gimal-qarbdan 
Dagistan respublikasi ila hamsarhaddir. Xagmaz rayonu arazisinin relyefi gay va qobularla pargalanmig, asasan mail 
duzanliklardan ibaratdir. 0razinin sahil zolagi okean saviyyasindan algaqda yerlagir. Rayon arazisinin 20.800 hektari 
megalarla ortulmugdur. Torpaqlari gaman-mega, gabalidi va agiq gabalididir. Qaman va kolluqlar genig yayilmigdir. 
Ststistik malumatlara asasan rayonun 42232 hektar torpaq sahasi gorlagmamig, bunlardan, 4130 hektari zaif, 3190 
hektari orta, 600 hektari isa giddatli gorlagmaya maruz qalmigdir. Xagmaz rayonunun 108,5 min hektar sahasi va 
yaxud 73,8 %-i eroziyaya ugramamigdir, 26.8 min hektar va ya 18.2 % zaif, 8.5 min va ya 5.8 %-i orta, 3.3 min 
hektari va ya 2.2 %-i giddatli daracada eroziyaya ugramigdir[4]. 

Boyuk Qafqazin §imal-§arq yamacimn dag geosistemlari bir sira tadiqatgilar tarafindan muxtalif istiqamatlarda 
oyranilsa da, qeyd olunan problem hazirki zamanda aktualdir. ilkin olaraq tadqiqat arazisini (Xagmaz rayonu) aks 
etdiran topoqrafik xaritalardan va GiS texnologiyalarindan istifada etmakla relyefin modelled yaradilmigdir. Qlda 
olunan malumatlar asasinda verilanlar bazasi yaradilmigdir. Verilanlar bazasinda toplanmig malumatlar tematik 
xaritalarin yaradilmasi ugun istifada olunmugdur. Peyk gakillarinin emal olunmasi va tasnifati asasinda tadqiq olunan 
arazi uzra yani malumat bazasi yaranmigdir [2]. 

Xagmaz rayonu arazinin tadqiqatinda Landsat 5 va Landsat 8 kosmik gakillarindan, Cografi informasiya sistemlari 
(CiS) texnologiyasindan ArcGiS va ArcView proqram paketlarindan, arxiv (1987-2011 -ci illar iizra peyk tasvirlari), 
internet materiallarindan istifada olunmugdur. §akil 1. Tadqiqat arazisinin peyk tasvirlari (1987-2011 -ci illar iizra) 
taqdim olunur. 
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c) d) 

§akil 1. Xagmaz rayonunun peyk tasvirlari (1987-2011-ci illar uzra) 


a) multispektral Ladsat 5 

b) panxromatik Landsat 5 
b) multispektral Ladsat 8 
d) panxromatik Landsat 8 

Bildiyimiz kimi, orazinin arid va semiarid land§aftlari muxtolif aqrokompleksloro transformasiya olunmaqla 
torpaqlari xeyli dorocodo dayigilmig, ortadagliq hissolordo mega ortiiyii qirilaraq okin vo otlaq saholorino, muxtolif 
maigat vo istirahot obyektlorino gevrilmig, yuksok dag otlaqlarinm torpaq va bitki ortuyu iso nizamsiz otarmalar 
naticasinda xeyli daracada deqradasiyaya ugramigdir. Dagatayi hissada muxtalif istiqamatli tasarrijfat sahalarinin 
intensiv inkigafina alverigli garait olsa da, arazinin mutlaq hundijrluyunun artmasi, relyefin kaskin pargalanmasi va 
meyilliyin gox olmasi kand tasarrijfati mahsullarimn istehsalim gatinlagdirir. Boyuk Qafqazin §imal-§arqinda 
yamaclarin meyilliyi 0-100-dak olduqda asasan akingilik ugun 10-150-da biganak, 150-dan artiq olan sahalardan isa 
asasan otlaq kimi istifada olunur. Umumilikda tadqiq olunan arazinin kand tasarrufatina yararli sahalari daniz 
saviyyasindan 200-1200 m hundurlukda yayilmigdir. Bu sababdan arazinin bu hissasi xususan akingilik 
istiqamatinda daha gox manimsanilmaya maruz qalir. Tadqiqat arazisinda movcud torpaq ehtiyatlarindan asasan 
akingiliyikda, baggiliqda va heyvandarliqda istifada olunur. [1] 

i§da asasan CiS texnologiyasinin proqram paketlarindan istifada etmakla tadqiqat obyektinin topoqrafik xaritasi 
asasinda arazinin relyefinin raqamli modeli qurulmug, meyllik xaritasi yaradilmig, tadqiqat obyektini aks etdiran 
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kosmik gakillar vizual va avtomatlagdirilmig degifrlanma proseslari vasitasila emal olunmug, alinan butun naticalar 
qruplagdirilaraq arazidaki torpaq va bitki ortuyuniin vaziyyati qiymatlandirilmig va xaritalagdirilmigdir[5]. 

§akil 2. Qrazinin relyefinin raqamli modeli va meyllik xaritasi verilib. 



§akil 2. Xagmaz rayonunun relyefinin raqamli modeli (SRTM) va meyllik xaritsai (Slope) 

Eyni zamanda 1:100000 miqyasli 10 adad topoqrafik xarita CiS texnologiyasi asasinda georeferensiya olunmug, yani 
hamin xaritalar arasinda cografi bagliliq yaradilmigdir va onlarin har biri UTM proyeksiyasina va WGS-84 
duzbucaqli koordinat sistemina gatirilmig, bir nega dayaq noqtalari asasinda 10 adad xarita birlagdirilmigdir. 
Georeferensiya olunmug va birlagdirilmig 10 adad xaritalardan Xagmaz rayonunu aks etdiran hissalar ayrilib 
goturulmug va (gak.3) gostarilmigdir. 



§akil 3. Xagmaz rayonunun georeferensiya olunmug topoqrafik xaritasi 

Qrazinin relyefinin guclu pargalanmasi naticasinda muxtalif eroziya proseslari ila mugayat olunan gay daralarinin 
formalagdirdigi yeni aktiv zonalar hala da oyranilmamig va koordinat sistemina daxil edilmamigdir. Bu maqsadla 
yenidan arazinin tadqiq edilmamig digar hissalarina monitorinq kegirilarak relyefindan, gaylarin gatirdiyi asili 
maddalardan, meyllik daracasindan va yagmtinin dugma intensivliyindan asililigi oyranilarak verilanlar bazasina daxil 
edilmigdir. Kand tasarrufatina yararli torpaqlarin miqdari bolganin ayri-ayri rayonlarinda gox muxtalifdir. Bolgada 
Quba rayonu an gox kand tasarrufatina yararli torpaq sahasi olan rayondur va onun sahasi 145,7 min ha olmaqla 
bolganin umumi torpaq fondunun 55,8%-na barabardir. Bu ustunluk torpaqlarin 62,2%-ni tagkil edan orug va otlaq 
sahalarinin hesabina bag verir. Qslinda isa rayonda akin va dinca qoyulmug torpaqlarin sahasi Qusar va Xagmaz 
rayonlarina nisbatan azdir. Qusar va Xagmaz rayonlarinda bu gostaricilar 23,0% va 71,7%-dir (34,5 va 44,4 min ha). 


1st International Scientific-Practical Conference: 

Modern Information, Measurement and Control Systems: Problems and Perspectives (MIMCS 2019) 



THE CfiUCfiSUS 

ECONOMIC ANO SOCIAL ANALYSIS JOURNAL OF SOUTHERN CAUCASUS 



















ISSN: 2298-0946, E-ISSN: 1987-6114 


ft* BSOUTHERN CAUCASUS SCIENTIFIC JOURNALS 

‘ THE CAUCASUS 

" ECONOMIC ANO SOCIAL ANALYSIS JOURNAL OF SOUTHERN CAUCASUS 


JULY 2019 VOLUME 32 ISSUE 05 


Bolgada torpaq istifadsgiliyinin miqyasi geni§ oldugundan onun bu gunki aqroekoloji durumu da xeyli farqlidir. 
Bolganin umumi torpaq ehtiyatlarimn eroziya durumu (ha/%) codvol 1 gostarmak olar [2]. 

Cadval 1 


Bolganin umumi torpaq ehtiyatlarimn eroziya voziyyati (ha/%) 


Rayonlar 

Umumi 

sahosi 

Eroziya daracosi 

Eroziyasiz 

saha 

Cami 

eroziyali 

saha 

O ciimladan 

Zaif 

Orta 

$iddatli 

Quba 

261032 

37.5 

133097 

51.0 

127935 

49.0 

68005 

53.1 

24240 

18.9 

35690 

28.0 

Qusar 

149953 

57128 

92825 

48295 

24330 

20200 

21,5 

38,1 

61.9 

52.0 

26,3 

22,8 

§abran 

108821 

15,6 

54301 

49.9 

54520 

50.1 

14475 

26.4 

18345 

33,6 

21700 

39,8 

Siyazan 

70341 

14728 

55613 

17218 

13180 

25215 

10,1 

21,0 

79.0 

31,0 

23,7 

45.3 

Xacmaz 

106355 

67865 

38490 

26735 

8480 

3275 

8,1 

63,8 

26,2 

69.5 

22,0 

8,5 

Cami 

696502 

327119 

369383 

174728 

88575 

106080 

M 

47.0 

53.0 

47.3 

24.0 

28.7 


Boyiik Qafqazin §imal-§arq yamacinda yerlagan yay otlaqlarinm yerlagdiyi arazilarin geomorfoloji garaitinin 
murakkabliyi, sart yamaclarin movcudlugu amillari insanlarin antropogen faaliyyati ila birlikda intensiv sathi axinlar 
ham da yarganlarin amala galmasina sabab olur. Eroziya prosesinin yiiksak dagliq zonasimn yay otlaqlarinda geni§ 
inkigaf etmasi, guclu sathi aximn va sellarin bag vermasina sabab olur. §akil 4. Xagmaz rayonunun torpaq xaritasi 
verilib. 



§akil 4. Xagmaz rayonunun torpaq xaritasi 

Peyk masafadan mu§ahidanin asas maqsadlardan biri mu§ahida edilan malumatlarin interpretasiyasi va tasnifatina 
asaslamr. MM (masafadan mu§ahida) verilanlarinin tasnifati asasan iki metodla aparilir: 

Supervised va Unsupervised tasnifatlari. Bu tasnifat asasinda yer sathinin xususi arazilarinin statusu, faaliyyati va 
xarakteristikasi haqqinda asasli malumatlar aide edilir. Unsupervised tasnifatinda piksellar aksolunma xususiyyatina 
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gora qruplagdirilir. Bu qruplagmalar klaster adlamr. istifadagi klasterlarin sayim va hansi diapazondan istifada 
edacayini miiayyanlagdirir. Bu informasiyanm komayi ila, tasvirlari tasnif edan proqram taminatinda klasterlar 
yaradilir. Klasterlari yaratmaq iigiin K-means va ISODATA kimi miixtalif tasvirlari klasterlagma alqoritmlari var. 
istifadagi torpaq ortiiyiiniin tipinin har klasterini ozii muayyan edir. Bazan bir torpaq ortiiyii tipinin bir nega klasteri 
olur. Bu halda, istifadagi torpaq ortuyunun tiplarina uygun olararaq klasterlari birlagdirir. Tasvirlarin tasnifati 
metodikasi kimi unsupervised tasnifati genig istifada olunur. Supervised tasnifatinda istifadagi raqamli tasvirda torpaq 
ortuyunun har sinfi iigiin niimunalari segir. Torpaq ortuyii tiplarinin bu niimunasi "training sites" adlamr. Tasvirlari 
tasnif edan proqram taminati biitiin tasvirlarda torpaq ortuyu tiplarinda "training sites" muayyan etmak iigiin istifada 
olunur. Torpaq ortuyunun tasnifati spektral xiisusiyyatlari asasinda aparilir. Tasvirlari tasnif edan proqram taminati 
har sinfa banzayan arazilari tapir. Umumilikda supervised tasnifatimn maximum likelihood va minimum-distance 
classification alqorimlari istifada edilir. §akil 5-da Xagmaz rayonunun 1987-2011 -cil illar iizra emal olunmug xaritalari 
gostarilmigdir [3,7]. 



§akil 5. Xagmaz rayonunun 1987-2011 -cil illar iizra emal olunmug xaritalari 


Aparilan aragdirmalarin naticasi gostarir ki, Xagmaz rayonunda antropogen tasir naticasinda bitki ortiiyii giiclii 
deqradasiyaya ugradigindan yeni takrar bitki novlari formalagmigdir. Mega sahalarinin siiratla qirilmasimn muxtalif 
sabablari vardir ki, bunlardan agaclarin tikinti materiallari kimi istifada olunmasi, yanacaq qitligi, malqaramn 
otarilmasi, istirahat komplekslarinin tikilmasi va digarlarini misal gostarmak olar. Orazinin asasan palid, fisdiq vales 
megalari ila zangin olmasim nazara alsaq, bu agaclardan qanunsuz yolla istifada olunur. Tadqiqat rayonunda 
aparilan miigahidalara asasan soylamak olar ki, qirilan va ya quruyan agaclarin yerina yeni agac akilmir. Digar asas 
ekoloji problemlardan biri da qig aylarinda yanacaga olan ehtiyacdan megalardaki goxillik agaclarin qirilmasidir. 
Tadqiq olunan arazinin bir gox kandlarinda tabii qaz va digar yanacaq novlarinin olmamasi, vaziyyati bir qadar da 
gatinlagdirarak odundan istifada edilmasina macburiyyat yaradir[5 

N9TiC0 

Aparilan tadqiqatlar naticasinda malum olmugdur ki, dag-gaman torpaqlarimn yayildigi arazida yamaclarin meylliyi 
gox (20 - 45) oldugundan, bela arazilarda torpaq ortiiyiiniin 60-70%-i muxtalif daracada eroziyaya maruz qalmigdir. 
Eyni zamanda malum olmugdur ki, antropogen amillarin tasirindan megalarin yuxari sarhadi agagi diigmiig va eroziya 
proseslarinin inkigaf etmasi iigiin alverigli garait yaranmigdir. Bundan bagqa, meganin agagi sarhadinin yuxari 
qalxmasi miigahida edilmigdir ki, buna da an gox yagayig mantaqalarina yaxin olan arazilarda rast galinir. Bu da onu 
gostarir ki, insanlarin diizgiin olmayan tasarriifat faaliyyatlari Xagmaz rayonunun agagi mega qurgaginda va dagatayi 
hissasinda torpaq va bitki ortiiyiiniin muxtalif daracada deqradasiya prosesina maruz qalmasina sabab olmugdur. 
Miiayyan edilmigdir ki, son onilliklarda Boyiik Qafqazin gimal-garq yamacimn dag geosistemlari torpaqlarimn 
akingilikda intensiv manimsanilmasi naticasinda 1987-ci ilia miiqayisada 2011-ci ilda akin sahalari 18,4% artaraq 
81,7 min ha olmugdur. Bu dovr arzinda akin sahasinin artmasi va hamginin aqrotexniki qaydalara riayat edilmamasi 
torpaq ortiiyiiniin miinbitlik gostaricilarinin agagi diigmasina sabab olmugdur. 

0D0BiYYAT 

1. Mammadov Q.S. Torpaqgiinasliq va torpaq cografiyasimn asaslari. Baku Elm, 2007, 664 s. 

2. Mammadov Q.S., Mammadova S.Z., §abanov C.0. Torpagin eroziyasi va miihafizasi. Baku Elm, 2009, 

340 s. 

3. Mehdiyev A.§., 9zizov B.M., Badalova A.N., Masafadan Zondlamamn Fiziki Ssaslari. Baku Elm, 2015, 

1st International Scientific-Practical Conference: 

Modern Information, Measurement and Control Systems: Problems and Perspectives (MIMCS 2019) 



THE CfiUCfiSUS 

ECONOMIC AM) SOCIAL ANALYSIS JOURNAL OF SOUTHERN CAUCASUS 


1 


































ISSN: 2298-0946, E-ISSN: 1987-6114 


ft*SOUTHERN CAUCASUS SCIENTIFIC JOURNALS 

4 ? THE CAUCASUS 

ECONOMIC ANO SOCIAL ANALYSIS JOURNAL OF SOUTHERN CAUCASUS 


JULY 2019 VOLUME 32 ISSUE 05 


303 s. 

4. Budaqov B.0., Qhmadov A.H., Rustamov Q.i., Qahramanov A.i. Azarbaycamn geokimyavi landgaft xaritasi. 
Baki, 2000. 

5. JlonbipeB M.M., Pa6ob E.l/I. 3aLuma 3eMenb OT3po3nn n oxpaHa npnpoflbi. M.: ArponpoMM3AaT, 1989, 

240 c. 

6. imrani Z.T. Quba-Xagmaz iqtisadi rayonu. Baki “Elm”, 2007, 172 s. 

7. www.earthexplorer.usgs.gov (Landsat Arxive L80LI/TIRS). 


1-ci Beynelxalq Elmi-Praktik Konfrans: 

Muasir Informasiya, Olgma ve Idareetme Sistemleri: Problemler ve Perspektivler (MiOiS-2019) 



THE CAUCASUS 

ECONOMIC AND SOCIAL ANALYSIS JOURNAL OF SOUTHERN CAUCASUS 





ISSN: 2298-0946, E-ISSN: 1987-6114 


JULY 2019 VOLUME 32 ISSUE 05 



M9HSULUN T0RKiBiN0 OPTiK N0ZAR0T SiSTEMiNiN ARAKTERiSTiKALARININ 
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ABSTRACT 

They use a variety of devices and methods to analyze product parameters. There are chemical analysis methods, 
physical analysis methods, and physical and chemical analysis methods for analyzing oil and its products. Optical 
analysis methods included in the physical and chemical analysis method are the most advanced and allow to 
determine the quality and quantity of the elements of the product. This method is the most important part of 
spectroscopy used in scientific research, all industrial and space research. 

Keywords: optical analysis method, control system, quality control, colorimetry, spectroscopy. 

REZUME 

Mahsulun parametrlarini analiz etmak ugun istifada olunan va spektroskopiyamn an muhum hissasi olan optik analiz 
metodlari mahsulda olan elementlarin keyfiyyat va miqdar tarkib gostaricilarini tayin etmak ugun muxtalif cihaz va 
metodlardan kompleks istifada edirlmasi ila optik nazarat sisteminin xarakteristikalarimn yaxgilagdirilmasina 
baxilmigdir. Nazarat sistemin struktur va funksional modelled, iglama alqoritmi iglanmigdir 
Agar sozlar: optik analiz metodu, nazarat sistemi, keyfiyyata nazarat, kolorimetr, spektroskopiya. 

GiRi§ 

Optik spektroskopiyamn komayila neft va neft mahsullari genig temperatur, dalga uzunlugu intervallarinda tadqiqat 
aparilmig, onlarin vasfi va miqdari tarkibi oyranilmig, naticada ham katalitik krekinq prosesindan, ham da piroliz 
prosesindan alinan agir neft fraksiyalarindan (tullanti mahsullari) sanaye miqyasinda tatbiqini tapmig, iqtisadi 
cahatdan samarali olan neft luminorlari alinmigdir [1]. 

Nazarat obyekti muayyan alamatlara malikdir. Yoxlama alamati-nazarata goturulan obyektin kamiyyat va ya keyfiyyat 
xassa va ya xarakteristikasidir. Keyfiyyat gostaricisina obyektin formasi va rangi, kamiyyat gostaricisina handasi 
parametrlarin adadi qiymatlari, ham da fiziki, kimyavi va ya bagqa xassalar parametrlarin qiymatlari aid edilir [2]. 
Beynalxalq tacrubalar gostarir ki, keyfiyyatin yuksak saviyyasina mahsullarin istehsali va istismarimn har bir 
marhalasini ahata edan elmi, texniki va tagkilati tadbirlarin hayata kegirilmasi, yani keyfiyyatin idaraedilmasi ila nail 
olunur [3]. 

9sas materialin taqdimati 

Spektroskopiyamn ustunluklari yerinda diaqnostikadan, yani birbaga obyektin "atraf muhitina", temassiz olaraq, 200 
nm-dan 40 000 nm-a qadar olan "optik diapazondan" genig istifada etmakla uzaqdan, obyektin tadqiq olunmasi ila 
ahamiyyatlidir va genig tatbiq sahalarina malikdir. 

idaraolunan diapazonlu optik bloklar asasinda mahsulun tarkibina nazarat sisteminin iglamasi az olgma kanali ila iggi 
diapazonda daha gox informativ verilanlarin alda olunmasina imkan verir. 

Neft mahsuluna nazarat sisteminin umumilagdirilmig strukturu gakil 1-da gostarilmigdir. Nazarat sisteminin 
strukturunda istifada edilan bloklara neftin email bloku, vericilar bloku, normallagdirici geviricilar bloku, multipleksor 
bloku va digar gostarilan bloklar daxildir. 

Emal edilmig neft mahsulu rang olgma qovgagindan kegarak, mahsulun keyfiyyat masalasina baxilir. Emal 
olunduqdan sonra mahsulun keyfiyyatina nazarat 3 asas parametr ila hayata kegirilir: temperatur, sixliq va rang. 
Keyfiyyata nazarat ugun talab olunan asas parametr rang oldugu ugun 3 asas ranga (R,G,B) gora rangin 
olgulmasinda kolorimetrik sistemdan istifada edilir va 3 kanalli olgma naticasinda obyektin vaziyyatina uygun galan 
parametrin qiymati alda olunur, normallagdirici geviricilar vasitasila normallagdirilir va multipleksora gondarilir. 
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§akil 1. Mahsulun tsrkibins nazarat sisteminin umumilagdirilmig strukturu 

Multipleksor isa ayri-ayri kanallari novba ila (R,G,B) analoq vs raqam geviricisina qogur (ARQ). Analoq va raqam 
geviricisi parametrlari kodlar gaklinda mikrokontrollera oturur. Mikrokontroller vasitasi ila olgmalarin naticalari emal 
edilir, alda edilmig malumatlar yaddagdaki malumatlar ila muqayisa edilir, parametrlara nazarat edilir, informasiyam 
vizuallagdirici qurguya va lazimi modullara oturulur. 

Neft mahsuluna nazarat sisteminin umumilagdirilmig strukturunda olan rang parametrinin tayin edan kolorimetrin 
iglama prinsipi gakil 2.-da gostarilmigdir. 
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§akil 2. Kolorimetrin iglama prinsipi 

Nefi emal edan atmosfer vakuum qurgusunun tarkibinda olan kolorimetrin iglama prinsipini ayriliqda nazardan 
kegirak. 

igiq manbayindan galan igiq obyektin daxilindan kegib goy (R), yagil (G), qirmizi (B) igiq suzgaclarina daxil olur va 
daha sonra oradan da goy (R), yagil (G), qirmizi (B) foto geviricilar blokuna daxil olur. Foto geviricilar bloku vasitasi 
ila igiq siqnallari uygun elektrik siqnallarina gevrilir va sonra elektrik siqnallarimn goy (R), yagil (G), qirmizi (B) 
normallagdirici gevirici vasitasi ila normallagdirilmasi hayata kegirilir. Multipleksor komayi ila normallagdirilmig 
siqnallar novba ila analoq va raqam geviricisina verilir. Analoq va raqam geviricisinin gixiginda alinan kodlagdirilmig 
faydali siqnallar mikrokontrollera oturulur. 

Neft mahsullarimn rangina nazarat sisteminin iglanmasi alqoritminda gorunduyu kimi ilk ones ilkin verilanlar daxil 
olunur. ilkin verilanlar daxil olunduqdan sonra igiq manbayi segilir. Daha sonra gualar filtrdan kegirilir va ikili 
kolorimetr vasitasi ila standart mahsula va tadqiq olunan mahsula toolunur. Sonra mahsullar fotoqabuledicidan kegib 
multimetra oturulur. Multimetr vasitasi ila standart mahsul tadqiq olunan mahsulla muqayisa olunur. Farq yaranarsa 
multimetr vasitasi ila tatqiq olunan mahsul tanzimlanir. 

Saybalta uygun mahsulun ranginin qiymatlandirmasinin MATLAB sisteminda hallina baxaq: 
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» %Isgenderova Solmaz 

%Psixometrilc indeJcsi L*-un qiymetinin hesablanmasi, serti olaraq L*=L 
L=(116*((0.321/100).~3))-16 

L = 


-16.0000 

» %Psixromatilc rang koordinatlari a* vs b*-nin qiymetinin hesablanmasi,serti olaraq a*=a;b*=b 
a=500*[((0.311/98.072).~3)-((0.321/100). A 3)] 

a = 


-5.9339e-07 

» b=200*[((0.321/98.072) .~3)-( (0.358/100) .~3)] 
b = 


—2.1634e-06 

» %AE*ab Dodekan vs standart Saybolt rsng numunssi arasmdaki rsng fsrqinin hesablanmasi 
» %Serti olaraq AE*ab=C;L*l=Ll;L*0=L0;a*0=a0;a*l=al;b*0=b0;b*l=bl 
» Ll=35; 

» L0=19; 

» al=17; 

» a0=13; 

» bl=20; 

» b0=15; 

» C=[ ( (L1-L0)."2)+((al-aO)."2) + ( (bl-bO).~2)). A 2 
C = 


88209 

» %Saybolta gors 100 mm optik yol uzunluguna malik maddslsrin... 

» %rsng qiymstinin dlgiilmssi, serti olaraq a=f,p=e, x=t, AE*ab=C=88209 
» £*51.1; 

» e=44.5; 

» t=2.55; 

» S=((51.1+44.5)/ ( (log(88209)-2.55) )) 

S = 


10.8176 

» %Saybolt rsng ?)calasinda optik: sixliqin hesablanmasi, serti olaraq ZD=D 
DX=logl0(0.311/98.072) 

DX = 


-2.4988 

» DY=logl0(0.321/100) 
DY = 


-2.4935 

» DZ=logl0(0.358/118.225) 
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-2.5188 

» D=(DX+DY+DZ) 
D = 


-7.5111 

Muqayisa ugun ASTM standartina uygun olaraq yuxarida gostarilan hesablamalarin MATLAB sisteminda hallina 
baxaq: 

» %Isgenderova Solmaz 

%PsixoraetriJc indeJcsi L*-un qiymetinin hesablanmasi,serti olaraq L*=L 
L= (116*((0 . 427/100). A 3))-16 

L = 


-16.0000 

» %Psixromati}c rang Jcoordinatlari a* vs b*-nin qiymetinin hesablanmasi, serti olaraq a*=a;b*=b 
a=500* [( (0.533/98.072). A 3)-((0.427/100). A 3) ] 


4.1336e-05 

» b=200* [ ( (0.427/98.072). A 3)-((0.149/100) .~3) ] 
b = 


1.5846e-05 

» %AE*ab Dodekan vs standart Saybolt rsng numunssi arasmdaki rsng fsrqinin hesablanmasi 

%Serti olaraq AE*ab=C;L*l=Ll;L*0=L0;a*0=a0;a*l=al;b*0=b0;b*l=bl 

Ll=35; 

L0=19; 

al=17; 

a0=13; 

bl=20; 

b0=15; 

» C=[((L1-L0).~2)+((al-aO)."2)+((bl-bO).~2) ] .~2 
C = 


88209 

» %ASTM standartina gors 33 mm optik yol uzunluguna malik maddslarin ... 
» %rsng qiymstinin blgiilmssi, serti olaraq <x=f,p=e, x=t, AE*ab=C=38209 
» f-51.1; 

» e=44.5; 

» t=2.55; 

» S=((51.1+44.5) /( (log(88209)-2.55) )) 

S = 


10.8176 
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» %ASTM rang flealasinda optilc sixliqin hesablanmasx 
» %serti olaraq ZD=D 
» DX=loglO(0.390/98.072) 

DX = 


-2.4005 


» DY=loglO(0.427/100) 
DY = 


-2.3696 

» DZ=loglO(0.149/118.225) 
DZ = 


-2.8995 

» D= ( DX+DY+DZ ) 
D = 


-7.6696 


Cadval 1 


Saybolt vs ASTM standartina asasan verilanlarin MATLAB sisteminda alinmi§ qiymatlari 



L* 

a* 

b* 

A E * ab 

S 

DX 

Saybolta asasan 
verilanlarin alinmi§ 
qiymatlari 

-16.000 

-5.9339e-07 

-2.1634e-06 

88209 

10.8176 

-2.4988 

ASTM 

standartina asasan 
verilanlarin alinmi§ 
qiymatlari 

-16.000 

4.1336e-05 

1,5846e-05 

88209 

10.8176 

-2.4005 



DY 

DZ 

M 

o 

Saybolta asasan verilanlarin alinmi§ qiymatlari 

-2.3696 

-2.5188 

-7.6696 

ASTM 

standartina asasan verilanlarin alinmi§ qiymatlari 

-2.4935 

-2.8995 

-7.5111 


Neft va neft mahsullarmin ranginin tayin edilmasinda Saybolt rang §kalasindan istifada etmakla daha yuksak 
daqiqlik alda etmak mumkundur. 

Neft va neft mahsullarmin ranginin optik metodla muayyanla§dirilmasin texnoloji prosesin bir marhalasininin fifiki 
modeli §akil 4 a) va b) -da taqdim edilmi§dir. 
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§8kil. 4. Neft va neft mahsullarinin ranginin muayyanlagdirilmasinin texnoloji prosesi: 
a) R255 va G255; b) R128 va G128 

Prosesin iglama alqoritmi gakil 5-da taqdim olunmugdur. 

Birinci marhalada birinci nov mahsul manbayindan mahsul iKI klapamn agilmasi ila 1-ci gana muayyan miqdarda 
mahsul daxil olur va bu zaman digar klapanlar bagli olur, Ml muharriki isa iglak vaziyyatdadir. Daha sonra iK4 
klapam agilir, onun vasitasila mahsul 3 nomrali gana verilir. Bu zaman iK7 klapam agilir va mahsul gana daxil olur. 
Burada M2 muharriki iglak vaziyyatdadir. ikinci marhada iK2 klapam agiq vaziyyata gatirilir, digar klapanlar bagli olur 
va Ml muharriki iglayir, digar muharrik isa iglamir. 

iK2 klapam vasitasila 2-ci nov mahsul manbayindan iki nomrali gana mahsul verilir va bu zaman iK5 klapam da agiq 
olur. Daha sonra mahsul iK6 va iK7 klapanlari vasitasila 3-cii gana verilir, bu zaman M2 muharriki iglak vaziyyatda 
olur, digar muharrik isa iglamir. Uguncu marhalada ug nomrali ganda har iki gandan muayyan miqdarda galan 
mahsullar qarigdirilir va naticada nisbatdan asili olaraq muayyan bir rangda mahsul amala galacakdir Red(255) : 
Green(255)= Yellow; (Red(128): Green(128)= Olive 

N0TiC0 

Neftin rangini tayin edan texnoloji prosesin fiziki modelinin vasitasi ila yuksak daqiqlikla neft va neft mahsullarinin 
ranginin muayyanlagdirilmasina baxilmig, hesabatin alqoritmi qurulmug va bu alqoritma uygun MATLAB sisteminda 
hesablama amaliyyatlarinin naticalarinin analizina gora daha yuksak daqiqlik almaga imkan veran standart muayyan 
etmigdir. 

Texnoloji prosesda alda olunan mahsulun rangi ila barabar sixligimn, temperaturunun va saviyyasinin olgulmasinin 
kompleks yerina yetirilmasi alda olunan verilanlara asasan mahsulun keyfiyyatina operativ nazarati yerina yetirmakla 
barabar alinan informasiyamn haqiqatauygunlugunun artirilmasina da imkan verirdiyina gora diaqnostika sistemi 
neftin emalindan alinan mahsullarin daha keyfiyyatli istehsali ugun istifada edilmasi maqsadauygun hesab edilir. 
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§akil 5. Neft va neft mahsullarmin ranginin muayyanla§dirilmasinin texnoloji prosesinin alqoritmi 
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ABSTRACT 

In recent years, rapid development of industrial infrastructure has increased the concentration of polluting gases in 
the composition of atmospheric gas. Since these gases cause serious problems for the environment and, in 
particular, for human health, their routine assessment is of great importance. In this article, some methods of 
estimating some pollutant gases based on the information obtained from the Terra satellite MODIS spectrometer 
have been reviewed. 

Keywords: concentration, spectrum, highlighting, absorption band, atmospheric transparency, and solar radiation. 

XULAS0 

Son illar sanaye infrastrukturunun suratli inkigafi atmosferin qaz tarkibinda girklandirici qazlarin konsentrasiyasim 
artirmigdir. 9traf muhit, xususi ila da insan saglamligi ugun bu qazlar ciddi problemlar yaratdigindan onlarin 
kaniyyatca qiymatlandirilmasi boyuk ahamiyyat kasb edan masalalardan hesab olunur. Baxilan maqalada Terra 
peykina qoyulmug MODiS spektrometrindan alinmig informasiyalar asasinda bazi girklandirici qazlarin 
qiymatlandirilma usullari nazardan kegirilmigdir. 

Agar sozlar - konsentrasiya, spektr, ayirdetma, udma zolagi, atmosferin gaffafligi, gunag radiasiyasi. 


GiRi§ 

Atmosfer va onda bag veran hadisalarin oyranilmasi bir nega asr davam etsa da, bu tadqiqatlar Yera yaxin qatla 
mahdudlagirdi. Ancaq, XIX asrin sonunda tayyaranin va radionun kagfindan sonra atmosferi Yera yaxin qatla barabar 
muxtalif hundurluklarda muntazam gakilda oyranmaya bagladilar. Atmosferin qurulugu va fiziki xususiyyatlari 
haqqinda malumatlaralmaq ugun birbaga va dolayi metodlardan istifada olunur. 

Birbaga metodlar - Yer uzarinda va hundurluklarda radiozondlar, tayyaralar va raketlarla qaldirilan cihazlar vasitasila 
atmosferin parametrlarini olgmaya imkan verir. 1930-cu ilda atmosferi oyranmayin yeni - radiozond metodu yarandi. 
Radiozond aeroloji cihaz olaraq, temperatur, tazyiq va rutubatliyi olgan mikrosxemlardan, kod qurgusundan va 
radiooturucudan ibaratdir. Radiozondu sarbast uguga qaldirmaq ugun xususi garlardan istifada olunur. Muxtalif 
hundurluklarda olgulmug meteoroloji elementlar haqqinda malumatlar radiosiqnallar vasitasi ila Yera oturulur, xususi 
kodlarla agilir va tahlil edilirlar. 

Dolayi metodlar - Bu metodlarla atmosferin muxtalif qatlari oyranilir. Sadafvari va gumugvari buludlar, meteoritlarin 
izlari, radio va sas dalgalarimn yayilmasi va bagqa mugahidalar aparmaqla, havamn tarkibi, temperaturu, tazyiqi, 
rutubatliyi va hava axinlari haqqinda malumat almaq olur. 

Hal-hazirda bir gox masalalarin halli, o cumladan Yer sathinin monitorinqi, kigik olgulu obyektlarin qeyda alinmasi, 
tatbiq olunan arazi sathinin yuksak ayirdetmali tasvirlarinin alinmasi, atmosferda gedan proseslarin izlanilmasi va 
duzgun iqlim proqnozlarinm verilmasi masafadan zondlama peyklari vasitasila hayata kegirilir. 

Baxilan maqalada boyuk informativliya malik olan 36 kanalli olgu sistemi olan Terra peykina qoyulmug MODiS 
(Moderate Resolution Imaging Spectroradiometer) spektrometrinin olgma naticalari nazardan kegirilmigdir. Cadval 1- 
da onun asas xarakteristikalari gostarilmigdir. Sistem 36 kanalda boyuk hassasliga malik olan olgma naticalarinin 
aide olunmasina imkan verir. Cihazin 1-2 kanali uzra ayirdetmasi 250 m, 3-7 kanallari ugun 500 m, 8-36 kanallar 
ugun isa 1000 m tagkil edir[1 ]. 
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MODiS spektrometrinin asas xarakteristikalari, Cadval 1 


Kanallarin nomrasi 

Dalqa uzunluqu,nm 

Ayirdetma,m 

Tatbiq sahalari 

1 

620-670 

250 

Qurunun sarhadlari,Aerozollar, 

2 

841-876 

250 

Buludlar 

3 

459-479 

500 

Aerozollarin,buludlarin va quru 

4 

545-565 

500 

sathinin xarakteristikalari 

5 

1230-1250 

500 


6 

1628-1652 

500 


7 

2105-2155 

500 


8 

405-420 

1000 

Okeamn rangi, 

Fitoplanktonlar 

9 

438-448 

1000 

Biogeokimya 

10 

484-493 

1000 


11 

526-536 

1000 


12 

546-556 

1000 


13 

662-672 

1000 


14 

673-683 

1000 


15 

743-753 

1000 


16 

862-877 

1000 


17 

890-920 

1000 


18 

931-941 

1000 

Atmosferin su buxarlari 

19 

915-965 

1000 


20 

3,660-3,840 

1000 


21 

3,929-3,989 

1000 

Sathin va su buxarlarmin 

22 

3,929-3,989 

1000 

temperaturlari 

23 

4,020-4,080 

1000 


24 

4,433-4,498 

1000 

Atmosferin 

25 

4,482-4,549 

1000 

temperaturu 

26 

1,360-1,390 

1000 


27 

6,535-6,895 

1000 

Layli buludlar, 

28 

7,715-7,475 

1000 

Su buxarlari 

29 

8,400-8,700 

1000 

Buludlarin xarakteristikasi 

30 

9,580-9,880 

1000 

Ozon 

31 

10,780-11,280 

1000 

Sathin va buludlarin 

32 

11,770-12,270 

1000 

xarakteristikalari 

33 

13,185-13,485 

1000 


34 

13,485-13,785 

1000 

Buludlarin hundurluyu 

35 

13,785-14,085 

1000 


36 

14,085-14,385 

1000 
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Sistemi saciyyalandiran asas gostaricilardan biri atmosferinin gaffafligimn ayri-ayri kanallar uzra paylanmasi 
tagkil edir (gakil 1). §akildan gorunur ki, muxtalif kanallarda aks olunan gualanmaya sistemin hassasligi 
muxtalif olur. Atmosfer gaffafligimn dayigmasi muxtalif gostaricilara asasan tayin oldugundan ayri-ayri kanallar 
uzra intensivliyin olgulmug qiymati istifada olunan sensorlarin texniki xarakteristikalari ila muayyanlagdirilir. 


100 



§akil 1. MODiS spektrometrinin atmosfer gaffafligina hassasligi. 

MODiS spektrometri Terra peykina qoyulmugdur. Peykin asas funksiyalarindan biri qlobal miqyasda atmosferda bag 
veran dayigikliklarin (qaz tarkibinin dayigmasi, temperaturun va buludlulugun qiymatlandirilmasi, antropogen mangali 
girklanma manbalarinin) tayin olunmasi ugun nazarda tutulmu§dur. Peykin yerdan olan hundurluyu 780 km, ekvatorla 
meyillik bucagi 97,8°, Yer atrafinda birdovra sarf olunan zaman 104 daqiqadir[2].. 

Peykdan alinmi§ informasiyalar, muxtalif emal proqramlari (ENVi, EVi, Qeomatika, Erdas imagine) vasitasila emal 
oluna bilir. Bizim tadqiqat naticalari son versiyali Erdas imagine proqrami vasitasi ila hayata kegirilmi§dir. 

Atmosferin girklanmasinin mahiyyati. 

Atmosfer havasimn harakat etmasi girklandirici maddalarin yayilmasimn asas sababidir. Biosferada atmosfer 
girklanmalarinin mahiyyatinin agilmasimn asas amillari troposfer va staratosferada hava axinlarmin muayyan 
olunmasi ila baglidir. Gostarilan proseslarin tadqiqi avvallar muxtalif hundurluk zondlari ila hayata kegirilirdisa, hal- 
hazirda bela olgmalar meteoroloji peyklar vasitasi ila yerina yetirilir. Hava kutlasi ham horizontal, ham da vertikal 
istiqamatda harakat edir. 

Atmosfer murakkab tarkiba malik olub, qaz va aerozol hissaciklarindan ibaratdir (?ak. 2). Atmosfer tarkibca asas 
qazlardan va girklandiricilardan ibaratdir. Bunlaraz miqdarli qazlar adlamr va atmosferin 1%-ni tagkil edir. 



§akil 2. Atmosferin tarkibi 
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Muayyan olunmugdur ki, troposfer va stratosferada horizontal yerdayigma surati 30-35 m/san oldugu halda, 
vertikal yerdayigma surati gostarilan sferalarda bir-birindan kaskin suratda farqlanir. Troposferda bu surat 
nisbatan boyuk oldugu halda, stratosferda gox kigik (saniyada bir nega sm) qiymat alir. Buna gora do 
stratosferaya muxtalif xarakterli dugan zararli maddalar hissaciklari burada illarla qala bilarlar. §akil 3-da 
atmosferin asas qazlarinin hundurlukdan asili olaraq paylanmasi g6starilmigdir[3].. 

Bir gox mutaxassislar tarafindan aparilmig tadqiqatlar naticasinda muayyan olunmugdur ki, gokmayan (yungul) 
hissaciklarin orta dayanma muddati stratosfera ugun 2 il, tropopauzada 4 ay, yuxari troposferda 30 gun, 
troposferda (3 km-dan az) 6-10 gun olur. 

Belalikla, troposferda asasan antropogen faaliyyatla bagli tasirli qazlar 2 aydan 4 aya kimi dayana bilirlar. Bu 
da boyuk problem olaraq ona gora hayacan dogurur ki, bela tabiata malik olan bir sira qaz hissaciklarini 
atmosferdan ayirmaq usullari movcud deyil va yaqin ki, yaxin galacakda, bu masalanin halli mumkun 
olmayacaq. 



kuiiaciilntsiyu, 

§akil 3. Atmosferin asas komponentlarinin konsentrasiyasimn hundurlukdan asili olaraq dayigmasi. 

Atmosferi girklandiran butun maddalari garti olaraq iki qrupa bolmak olar: qaz va bark (aerozollar) hissaciklar. 
Muayyan edilmigdir ki, atmosfera atilan zararli maddalarin 90%-ni qazlar, 10%-ni isa bark hissaciklar tagkil edir. 
Havam zaharlayan qazlarin manbayi gox muxtalifdir. 0traf muhita an gox tasir gostaran karbon qazimn asas manbayi 
qazinti halinda gixarilan yanacagin (dag komur, neft, qaz va digarlari) yandirilmasidir[4].. 

Masafadan zondlama cihazlarimn qeyd etdiyi gualanma peyka gatana qadar Yerin atmosferinin qatlarindan 
kegmalidir. Atmosferin butun komponentlari: atomlar, molekullar, hissaciklar va s. atmosferda yayilan elektromaqnit 
gualari ila qargiliqli tasirda olur. Bela qargiliqli tasirin asas effekti sapalanma va udulmadir. 

Atmosferda olan aerozol hissaciklari va ya qaz molekullari yayilan gualar ila qargiliqli tasirda olaraq onun ilkin 
yolundan yayindirdiqda, sapalanma bag verir, lakin bu halda dalga uzunlugu dayigmaz qalir. 

Udulma elektromaqnit gualanmasimn atmosfer ila qargiliqli tasirinin digar asas mexanizmidir. Sapalanmadan farqli 
olaraq udulma spektrin muxtalif diapazonlarinda atmosferin tarkibinda enerjini udma qabiliyyatina malik olan 
molekullarin movcudlugu ila alaqadardir. 

Atmosferin 4 komponenti - ozon, oksigen, karbon qazi va su buxari gualanmamn udulmasinda boyuk rol oynayir. 
Atmosferin asas girklandiricilari. Muasir atmosfer muxtalif geoloji dovrlar arzinda canli orqanizmlarin fasilasiz 
faaliyyati, yani tasiri naticasinda formalagmigdir. Muasir dovrda da atmosfer dinamiki tarazliq garaitindadir. 
Atmosferin tarkibi daimi qalmir. Qunki canli orqanizmlar va xususan da insan ila biosfera arasinda fasilasiz mubadila 
gedir. 

Muayyan olunmugdur ki, atmosferin umumi kutlasi 5,2-109 tondur. Yuxarida qeyd etdiyimiz kimi bu kutlanin asas 
hissasi 6 km-lik hundurluya kimi paylanmigdir. 

Agagida taqdim olunan cad. 2-da atmosferin tarkibini asasan tagkil edan qazlarin orta miqdari gostarilmigdir. 
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Cadvalda gostarilanlardan slave olaraq havanin terkibinde gox ciizi miqdarda (10'6 tertibde) hidrogen, ozon, kukurd 
anhidridi, dem qazi, ammonyak ve s. vardir. Qazlarin hundurluya gore paylanmasi bir gox amillsrin tesirinden 
dayigir[5].. 

Quru havanin tsrkibi Csdvsl 2 


Tarkib hissalari 

Haem miqdari, % 

Kutlavi miqdar,% 

Azot 

70,01 

75,53 

Oksigen 

20,95 

23,14 

Arqon 

0,9.3 

1,28 

Karbon qazi 

0,032 

0,046 

Neon 

1,8x1 O' 3 

1,2x1 O' 3 

Helium 

5.24x1 O' 4 

7,24x1 O' 5 

Metan 

1,4x1 O' 4 

7,75x1 O' 5 

Kripton 

1,14x1 O' 4 

3,3x10-4 

Azot oksidi 

5x1 O' 5 

7,6x1 O' 5 


Atmosferin girklanmasi birtsrsfdsn onu tagkil edsn qazlarin miqdarinin ksmiyystcs dayigmasi, yaxud yeni maddslsrin 
(xiisusan, radioaktiv elementlsrin) atmosfers daxil olmasi ils onun keyfiyystcs dayigmasi neticssinds bag verir. Qox 
vaxt iss muxtelif dsrscsds her iki proses eyni zamanda tasir gostarir. 

Atmosferin yuxari qatlarinda oksigen molekullari spektrin rentgen oblastindaki vs qisadalgali ultrabanovgayi (0,3 
mkm-a qadar) gualari udur. Bela gualanma planetda hayat ugun olduqca zararlidir, gunki canli orqanizmlarin 
huceyralarina tasir edarak mutasiyalara va ona banzar arzuolunmaz fasadlara gatirib gixarir. Bu prosesda oksigen 
molekullari ayri-ayri oksigen atomlarina pargalamr. Sart qisa dalgali gualarin guclu daracada zaiflayarak gatdigi 
atmosferin daha agagi qatlarinda isa, oksigenin ayri-ayri atomlari oksigen molekullari ila birlagarak ozon 
molekullarim yaradirlar[6].. 

Atmosferin daha yuksak qatlarinda oksigen molekullari tarafindan udulmayan gualari ozon spektrin ultrabanovgayi 
zonasimn orta hissasinda udaraq, zararli gualardan bizi qoruyur. §ualari udduqdan sonra ozon molekulu oksigen 
atomuna va oksigen molekuluna pargalamr, lakin adaten oksigen atomu takrar olaraq oksigenin digar molekulu ila 
birlagib yeni ozon molekulu yaradir. Nisbatan yaxin zamanlarda masafadan zondlama vasitasila ozonun 
konsentrasiyasimn kaskin suratda azalmasi mugahida olunmugdur (ozon daliklari). Ozon canli varliqlar ugun tahlukali 
olan elektromaqnit gualarimn muayyan hissasini uddugundan, ozon konsentrasiyasimn azalmasi ictimaiyyatin 
diqqatini calb etmigdir. Ozon olgmalari ugun masafadan zondlamamn bir sira vericilari yaradilmig va atmosfer 
ozonunun konsentrasiyasimn dayigmasina nazarat etmak ugun daimi mugahida tagkil edilmigdir. 

Karbon qazi cox vaxt parnik qazlarindan biri kimi gostarilir. Parnik qazlari elektromaqnit gualanmam spektrin gorunan 
oblastinda buraxir, lakin infraqirmizi zonada gualanmam intensiv suratda udur ki, bu da birincisi, atmosferin 
temperaturunun artmasina, ikincisi isa udulmug gualarin bir hissasinin geriya, Yer sathina qayitmasina sabab olur. 
Karbon qazmm konsentrasiyasimn artimina qlobal istilagmanin mumkun sababi kimi baxilir. 

Su buxari elektromaqnit spektrinin infraqirmizi zonasinda (1 mkm va 22 mkm arasmda) gualanmam udan atmosfer 
qazidir. Su buxarimn an yuksak konsentrasiyasi atmosferin asagi qatlarinda mugahida edilir, ozu da bu 
konsentrasiya bir yerdan digar yera, ilin bir movsumundan digarina kegdikda olduqca guclu suratda dayigir. 

Butun adlari gakilan atmosfer qazlari elektromaqnit gualarim spektrin muxtalif zonalarinda udur va bu biza 
elektromaqnit spektrinin hansi hissasini masafadan zondlama maqsadlari ugun istifada etmayimiza imkan verir. 
Masalan, atmosfer spektrin infraqirmizi zonasinda elektromaqnit giialanmasi ugun demak olar ki, qeyri-gaffafdir. 
Udulma bir o qadar da ahamiyyatli olmayan zonalari gaffafliq pancaralari» adlandirirlar. Masafadan zondlama 
vasitalarinin bir goxu gualanmam bir va ya bir nega gaffafliq pancaralarinda olgur. Bela vasitalar yer sathi ortuyiiniin 
tadqiqina yonalmigdir. Lakin, bazi cihazlar, xususan da meteoroloji peyklardaki cihazlar, qazlarin masalan, ozonun 
udulmasim olgur. Bela cihazlarda aksina olaraq qazlarin udulmasi maksimal olan dalga uzunluqlarina koklanir. 

Bizim tadqiqatlarimizda atmosfer girklanmalarinin asasan 2 novu nazardan kegirilib, hansi ki, bunlar atmosfer 
tarkibinda miqyasca an genig yayilmig va artaf muhita ciddi tasir gostaran girklandirici qazlar hesab olunur. Bunlar 
azot oksidi (NO 2 ) va kukurd oksididir (SO 2 ). Bunlarin asas manbalari naqliyyat vasitalarindan va sanaye 
sahalarindan atmosfera atilan girklandiricilardir. 

Kukurd oksidlari ila havanin girklanmasi asasan, tarkibinda kukurd olan yanacagin yandirilmasidir (mas: mazut va 
komur). 

Muayyan olunmugdur ki, elektrik stansiyalarimn istifada olunmasinda har milyon ton komurdan atmosfera 250 min 
ton kukurd oksidlari atilir. Kukurd eyni zamanda xam neftin tarkibina daxildir, hansi ki, bizim respublikamiz ugun asas 
girklandiricilardan hesab olunur. 

Neftin email prosesinda atraf muhita atilan kukurd qazlarimn miqdari 0,5-5% tagkil edir. Kukurd birlagmalarinin daha 
tahlukali gostaricisi oksidlar hesab olunur ki, o havadaki su buxarlari ila reaksiyaya girarak turg yagiglarin manbayina 
gevrilir (sulfat va sulfit turgulari kimi). 
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Muayyan olunub ki, kukurd oksidlsrinin konsentrasiyasimn artmasi insanlarin saglamligina tasir gostaran asas 
amillardandir. 

Xarici olkalarda aparilan tadqiqat naticalari gostarir ki, hatta kukurd oksidinin gox kigik konsentrasiyalarinda bela 
(mas, 100 mkq/m 3 ) baxilan arazida xastaliklarin intensivliyi xeyli artmigdir. Muayyan olunub ki, havada kukurd 
oksidlarinin olmasi oksigenin agciyarlarda funksiyasim agagi salir[9].. 

MODiS spektrometri vasitasila qlobal miqyasda aparilmig tadqiqat naticalarina asasan birsira sanaye gaharlarinda, o 
cumladan Bakida 2010-2017-ci illar arzinda kukurd qazinin konsentrasiyasimn dayigmasi muayyanlagdirilmigdir (gak. 
4). 
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■ London 

■ Moskva 

■ Baki 

■ Honq Konq 

■ Stokholm 

■ Paris 

Nyu - York 


§akil 4. Kukurd qazinin orta illik konsentrasiyasimn dayigma diaqrami 

ikinci asas girklandirici kimi azot oksidlarinin qiymatlandirilmasi hayata kegirilir. Malum oldugu kimi, azot oksidinin 
asas manbayi avtomobil naqliyyati va sanaye muassisalari hesab olunur. Bu halda yanacagin yuksak temperaturda 
yanmasi prosesinda 2 cur reaksiya bag verir ki, onlarin da naticasinda azot oksidlari yaramr. 

Birinci nov reaksiyaya oksigenla azot arasinda gedan proses sabab olur. Naticada azot oksidlari yaramr. Muayyan 
olunmugdur ki, komur yanacagimn tarkibinda 1% kimi, neft va qazin tarkibinda 0,2-0,3% azot oksigenla reaksiyaya 
girib oksidlagir. 

ikinci nov reaksiyaya bilavasita havadaki oksigenla azotun ozu arasinda bag veran reaksiyadir va bu reaksiya 
naticasinda azot oksidlari alimr. 

Hal- hazirda muayyan olunmugdur ki, atmosfera atilan azot oksidlarinin 70%-dan goxu avtomobil naqliyyatimn, 
qalam isa yanacagin yandirilmasi va neft email sanayesinin uzarina dugur. §akil 5-da MODiS spektrometri vasitasila 
iri sanaye gaharlarinda, o cumladan Bakida atmosferin azot oksidlari ila girklanmasini saciyyalandiran illar uzra 
diagram gostarilmigdir (gak. 5). 
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§akil 5. Azot qazinin orta illik konsentrasiyasimn dayigma diaqrami 

Diaqramdan goriinur ki, Baki gahari iizra azot oksidlarinin konsentrasiyasimn artmasi mugahida olunur. Bu ilk 
novbada Baki gaharinda atmosfer noqliyyatimn intensivliyi ila izah olunur. Belaki statistik malumatara osasen 
miiayyan olunub ki, hal-hazirda Baki gaharinda 1 min 200 mindan goxavtomobil movcuddur[10].. 

Peyk informasiyasi asasinda alinmig malumatlarin email yuxarida qeyd etdiyimiz kimi, Erdas imagine 
proqrami asasinda hayata kegirilir. Emal prosesi baglamazdan avval alinmig tasvirlarin korreksiyasi aparilib. 

Bu korreksiyalara faza, radiometrik, atmosfer korreksiyalari daxil edilib. Yani tematik emaldan avval ilkin 
emalin informasiya naticalarina tasir gostaran amillar nazara alimb va qiymatlandirilib. 

N0TiC0 

Atmosferda bag veran proseslar dinamiki oldugundan atraf muhitin digar komponentlari ila muqayisada 
atmosfer tadqiqatlari daha murakkab xarakter dagiyir. Bu bir tarafdan olgma naticalarinin metroloji amillardan 
va cografi enlikdan asili olmaqla yanagi, olgmalarda istifada olunan texniki avadanligin xarakteristikalari ila 
muayyanlagdirilir. 

Aparilan tadqiqatlar gostarir ki, goxkanalli MODiS tipli spektrometrin tatbiqi ila nisbatan boyuk daqiqlikla 
atmosferin tarkibindaki az miqdarli qazlarin konsentrasiyasim qiymatlandirmakla yanagi, atmosferi girklandiran 
asas girklanma manbalarinin yerini va onlarin baxilan region uzra girklanmalarda rolunu qiymatlandirmak 
imkam alda olunur. 

Atmosferda zararli qazlarin qiymatlandirilmasi onlardan muhafiza tadbirlarinin hayata kegirilmasini va 
umumilikda girklanma manbalarinin intensivliyini bilmakla girklandiricilari praqnozlagdirmaq imkam alda 
olunur. 
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LAZERLdRiN QURULU§U V0 T0TBiQ SAH0L0Ri 

Huseynova Saadat 

Milli Aviasiya Akademiyasi. Umumi va tatbiqi fizika kafedrasi. (Azarbaycan) 

Email: seadet.491@gmail.com 

ABSTRACT 

The article provides general information about lasers. It is shown which substances the lasers are made of. Laser - 
(LASER - "Light Amplification by Stimulated Emission of Radiation" - "Light intensity with forced radiation"). The 
purpose of their application in the aeronautics, which was informed about the structure of the lasers, was determined. 
Keywords: Source, lamp, beam, forced radiation, resonator, emission, stimulation. 

XULAS0 

Maqalada lazerler haqqinda umumi malumat verilmigdir. Lazerlerin hansi maddaler asasinda yaradildigi 
gostarilmigdir. Lazer - (mg. LASER - "Light Amplification by Stimulated Emission of Radiation" - "Macburi gualanma 
ila igigin guclandirilmasi") manasim ifada edir. Lazerlarin qurulugu haqqinda malumat verilmig onlarin aviasiyada 
tatbiqinin maqsadi muayyan edilmigdir. 

Agar sozler: Manba, lampa, §ua, macburi gualanma, rezonatorlar, emissiya, stimulyasiya. 

GIRI§ 

Lazer - (ing. LASER- "Light Amplification by Stimulated Emission of Radiation" - "Macburi gualanma ila igigin 
guclandirilmasi"). Bu soz 1957 -ci ilda Amerika alimi Qordon Quid (Gordon Gould ) tarafindan istifadaya daxil 
edilmigdir. Fiziki mahiyyati macburi gualanmamn kvant mexaniki effektindan istifada etmakla koherent igiq axinimn 
alinmasindan ibaratdir. 

Lazer §ualari sabit amplitudali fasilasiz va ya olduqca boyuk guca sahib olan impuls xarakterli ola bilar. Bir gox 
konstruksiyalarda lazer qurgusunun elementlari bagqa manbadan yayilan gualari optik guclandirma vasitasi kimi 
istifada edilir. Guclandirilmig siqnal dalga uzunluguna (tezliyina), fazasina va polyarizasiyasina gora ilkin siqnalla ust- 
usta dugur. Bu rabita qurgulari ugun gox vacibdir. Adi igiq manbalari, masalan, kozarma lampasi igigi muxtalif 
istiqamatlarda, boyuk dalga diapazonunda sapalayir. Onlarin goxu koherent deyillar va bundan alava qeyri-lazer 
manbalardan buraxilan i§iq §ualari daqiq polyarizasiyaya da malik deyil. Lazerda isa bunlarin aksina olaraq 
monoxromatik dagilma bucagi kigik olan gox dar koherent va guclu gualanma bag verir. 

Lazerler haqqinda umumi melumat 
Lazerlerin qurulugu. 

Lazer asasan 3 elementdan ibaratdir: 

• Enerji manbayi 

• iggi govda 

• Optik hissa (guzgular). 


Qeyri jsflfaf giizgii 


Y anmf giizgu 




□ 


Impuls lampasi 


If91 govda (rubin) 


+4 


Lazer 

jiiasi 


Optik rezonator 


§akil 1. Lazer qurgusunun tasviri (Rubin lazeri) 

Manbadan enerji sistema verilir. Manba kimi impuls lampasi, qovs lampasi, kimyavi reaksiya ola bilar. Bunun 
segilmasi lazerda istifada olunan quvvanin xassalarindan birbaga asilidr. Masalan, helium-neon lazerlari, helium- 
neon qaz qarigiginda elektrik zarraciklarindan, neodimium ortuklu aluminium itrium qranati (YAG lazerlari 
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"neodymium-dopedyttrium aluminium garnet", Y3AI5O12) ksenon lampasimn fokuslanmig igigindan, eksimer lazerlari 
isa kimyavi reaksiya enerjisindan istifada edirlar. 

Lazer rezonatorlar qurguya daxil olmug §uam guclandirilmig muhitda muxtalif istiqamatlarda harakat etdirarak anlarin 
oz-ozuna hayacanlanmasmi tamin etmak ugun tatbiq edilirlar [1], Rezanatarsuz qurgudan yalmz vurulmug guam 
guclandirici kimi istifada etmak olur. Lazer rezonatarunda asasan iki guzgudan istifada edilir. Macburi gualanma - 
hayacanlanmig atomlarin onlarin uzarina dugan igigin tasiri altinda gualanmasidir. Macburi gualanma zamam 
meydana gixan igiq dalgasi tezliyina, fazasina va polyarlagmasina gora atamun uzarim dugan dalgadan farqlanmir. 
Bu giizgiilar vurulan igiq §uasmi yol boyu aks etdirir va belalikla guamn yolu boyuyur. Bununla foton guclandirilarak 
emmissiyaya ugradilir. Rezanatarda yalmz Rezonans gartlarini odayan muayyan tezliklar guclandirilir.iggi govda 
igigin dalga uzunlugunu muayyan edan asas amil sayilir. Lazerlar agagidaki maddalar asasinda yaradilir: 

Maye - masalan, lazer ranglayicilar. Bunlar kimyavi ranglayicilarin hall olunmasi ugun tatbiq alunan etanol, metanal, 
etilenqlikol kimi maddalardan ibaratdir. Molekulun kanfiqurasiyasi dalga uzunluguna tasir edir. 

Qaz- masalan, helium-nean lazerlarinda istifada edilan karbon, arqan, kriptan qaz qarigiqlari. Bela lazer gox vaxt 
elektrik zarraciklari ila yuklanirlar. Bu lazerlarin kimyavi usulla alinan qazlarla iglayan xususi navu vardir. Yuklama 
aktiv muhitda gedan kimyavi reaksiya naticasinda bag verir. Qaz reaksiyadan sanra tarn istifada edilir va bununla bir 
dafa istifada oluna bilir. Kimyavi lazerlar yuksak guclu lazerlara aiddir va yalmz harbi maqsadlar ugun tatbiq edilir. 
Misal kimi HCI-Lazer va iod-Lazerini gostarmak olar. 

Bark cismlar- masalan, kristal va ya gugalar. Butov material adatan xram, neadium, erbium va titanla ortulurlar. Tipik 
istifada edilan kristallara aluminium-ittrium qranati (YAG), litium-ittrium ftorid (YLF), sapfir va silikat gugasidir. 9n 
genig yayilmigi Nd:YAG, titan-sapfir, xrom-sapfir, legirlanmig xram stransium-litium-aluminium (Cr:LiSAF), Er:YLF va 
Nd:glass(neodiumli guga)-dir. 

Yarimkegiricilar- Bunlar daxilinda elektranlarin enerji dayigmalarinin gualanma ila mugayiat olunmasiyla xarakteriza 
olunurlar. Yarimkegirici lazerlar pax yigcamdir. Onlardan maigatda geni§ istifada edilir. Onlar elektrikla yuklanan lazer 
diadlaridir. Lazer diodlarimn gucu yax§i gualanmada bir vattdan azdir. Multimod diodlari pis giialanmada 10 V-dan 
a§agi guc talab edirlar. Bir gip (tax. 0,1 x 1 x 10 mm ) daxilinda camlanmig lazer diodlari bir-biri ila inteqrasiya oluna 
bilirlar. Muxtalif dalga uzunluguna, qutblagdirma qurgularina malik diodlari keyfiyyat itirmasi olmadan bir-biri ila 
birlagdirmak olur. Belalikla 10 kV-dan gox guc alimr. 

Lazerlarin tarixi 

1917-ci i Id a Albert Eyngteyn absorbsiyamn aksi olaraq igigin stimulyasiya olunmug emissiyasim izah edir. Uzun 
muddat bu effektin i§iq sahasinin guclandirilmasi ugun tatbiq edilmasi muammali qalmigdir. Uzun tadqiqatlardan 
sonra yalmz 1960-ci ilda Teodor Mayman Hyuz girkatinin laboratoriyasinda 

(Kaliforniya gtati, AB§) Kolumbiya Universiteti va BELL firmasimn amakdaglari ila birlikda ilk iglayan lazer 
duzaltmigdir. Mayman 694 nanometr dalga uzunluguna malik qirmizi i§iq veran rubin iglikdan istifada etmigdir. Eyni 
vaxtda iranli fizik 9li Yavan qaz lazerini numayig etdirir. Sonralar bu igina gora Albert Eyngteyn mukafatina layiq 
gorulur [2]. 

1980-ci illarda yarimkegiricilar texnologiyasi uzunomurlu va yuksak keyfiyyatli lazer diodlarimn hazirlanmasina imkan 
yaradir. Bunlar kigik guc ila CD va DVD oxuyucularinda va ya optik lifli verilanlar gabakasinda tatbiq oluna bilirlar. 
Onlar getdikca inkigaf edarak kVt sahasina yaxinlagaraq nasos enerji manbasi kimi a§agi guca malik lampa 
hayacanlandiricilari avaz etmaya ba§lami§lar. 

1990-ci illarda lazerlar daha da takmillagdirilarak lovha va lifli lazerlar ugun yeni handasalarin yaranmasina imkan 
yaradir. Lifli lazerlar asrin sonunda hazirlama texnologiyasimn imkanlari sayasinda geni§ tatbiq olunaraq 20 kV-a 
qadar guc yaratmaga nail olmuglar. Onlar material emalinda tatbiqini taparaq CO 2 , Nd:YAG lazerlarini sixigdirirlar. 

XXI asrin avvalinda rentgen sahasinda attosaniya (1 O' 18 saniya ) impulslarim yaratmaq ugun qeyri-salis effektdan 
istifada edilmaya baglamr. Bununla atomun daxilinda vaxt axinim mugahida etmak mumkun olur.Hal-hazirda 
lazer sanaye, kommunikasiya, elm va elektronika sahasinda muhum ahamiyyata malik bir alata gevrilmigdir. 

Lazerlarin aviasiyada tatbiqi. 

Lazer yaranan gundan ona tatbiq sahalarini ozu axtaran qurgu adi verilmigdir. Lazerin tatbiq sahalari gox genigdir. 
Onlar goz linzasimn duzaligindan tutmug naqliyyat vasitalarinin idara olunmasina qadar, kosmik uguglardan tutmug 
termonuva sintezina qadar geni§ birspektrda tatbiq edilirlar. 

Lazerin elmda va sanayeda genig tatbiqina onlarin ozunamaxsus xassasi olan koherentlik, monoxromatiklik va 
yuksak §ua sixligi alda etmak qabiliyyati sabab olmugdur [3]. Masalan, lazerin koherentliyi onu bir noqtaya, gorma 
ugun gox kigik bir hadda, cami yuz nanometr olgusunda olan, difraksiya haddi ila ust-usta dugan fokuslamaga imkan 
verir. Bu lazerla yazilan qurgularda informasiyam optik disklarda (mas. DVD) saxlamaq olur. Yaxgi fokuslagmig 
kasma, aritma va hatta buxarlanma ugun kifayat qadar yuksak sixliqda gualanma alda etmaya garait yaradir. 

Muasir enma sisteminin naviqasiya avadanliqlarina olan talab gox yuksakdir: Onlar etibarli olmali, gunun istanilan 
vaxtinda o cumladan ekstremal meterogaraitda hava gamisinin effektiv enmasini tamin etmalidirlar. 
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Ugan aparatlarin enma tahlukasizliyi probleminin an effektiv halli yolu tayyaralarin istismar imkanlarim 
geniglandirmak, geca va gunduz pis gorunug va radioelektron kuy garaitinda tahlukasiz enmani tamin etmak ugun 
muasir lazer texnologiyalari asasinda vizual optik sistemlarin qurulmasi hesab olunur. 

Vizual naviqasiya vasitalarinda lazer gualanmasimn istifadasini gartlandiran asas xususiyyatlar yuksak spektral 
parlaqliq, guamn kigik bucaq itkisi va gualanma manbalari ila muqayisada pis gorunug garaitinda (duman, yagig, qar) 
yuksak nufuzetma qabiliyyatidir [4], 

Lazer enma sisteminin asas elementi yarimkegirici lazerdir. Bu sistemlarda bir nega daraca agagi koherentliya malik 
yarimkegirici lazerlarin istifadasi na pilotlarin na da aerodrom operatorlarinin gozuna zararli tasir etmir. 

Elektron zondlayici yarimkegirici lazer sisteminin ustunluklari: 

• Real zaman miqyasinda istanilan faza zonasimn idara edilma mumkunluyu. 

• igiq zonasimn istanilan hissasinin modulyasiya mumkunluyu ( Bunun sayasinda pilot ugug aparatlarimn yeri 
barada alava informasiya alda edir). 

• Obyektin yerlagdiyi hissadan ugug aparatlarimn bortuna optik kanal vasitasila informasiya oturulmasi 
mumkunluyu ( Tabii va qasdan yaradilmig radioelektron kuylarin istisnasi). 

• Real zaman miqyasinda giialanmamn parlaqligimn pilotun gozuna minimal zararli tasirini tamin etmak 
maqsadila idara edilmasi mumkunluyu. 

• Ugug aparatlarimn enma sistemlarinda lazer modulunun ig mumkunluyu. Zarba va vibrasiya yuklanmalarina 
yuksak davamliliqla tamin edilir. 

• Kigik qabaritlari kutlasi va avtonom qida manbayinin olmasi ugug aparatlarimn avadanliqlarla tamin 
edilmamig sahalara enmasina imkan verir. 



§akil 2. Lazer enma sisteminin xarici gdruniigii. 

Sistem qlissada (surugma zonasi) boyunca verilmig bucaq olgiilii va handasi formali ug rangli igiq zonalari 
formalagdirir ( §akil 4. ). Bu sistem hava gamisina qadar olan masafa haqqinda gorunan va cihazda qeyd edilan 
informasiyam verir va igiq zonasinda onun yerlagmasini tamin edir. 
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Lazer enma sistemi hava gamisinin igiq texniki avadanligi kimi gatin meteroloji garaitlarda (iCAO-nun 2-3 
kateqoriyalarina gora) tatbiq oluna bilar. 

Kurs mayaklari ela gakilda quragdirilir ki, §ualandirici qurgunun oxlari azimuta gora ±15° olsun va igiq zonasi ila yer 
arasindaki bucaq +15° olsun. 

Bu zaman: 

• Sol kurs mayaki azimutda 0-15° yagil zona, 0-3° sari zona, 3-15° qirmizi zona yaradir. 

• Sag kurs mayaki azimutda 0-15° yagil zona, 0-3° sari zona, 3-15° qirmizi zona yaradir. 


Lazerii Elektron siia borusunun konstruksiyasi 




b) 

§akil 3.Elektron zondlayici yarimkegirici lazerin konstruksiyasi a) va xarici gorunugu b). 
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Pilotun ekrani 



Operatorun pultu 


§akil 4.Elektron zondlayici yarimkegirici lazer asasinda mayakin formalagmasi prinsipi. 

Kurs mayaklarinm quragdirilmasi o gakilda yerina yetirilir ki, gualandiricimn uzununa oxu daqiqlikla ugug enma 
zolagmin oxuna paralel yerlagdirilir. Bu halda sari va yagil igiq sektorlari arasindaki vertikal sarhad ugug enma 
zolagmin fazada davami kimi qabul edilir. 

Hava gamisinin yerlagmasi har iki kurs mayakinin yagil rangi ila mugaiyat olunur. Ugug enma zolagmin 
sarhadlarindan kanarda hava gamisi sari igiq sektoruna (0-3°) va daha sonra qirmizi sektora (3-15°) daxil olur. Bu 
zaman aks tarafdaki mayak yagil rang gualandirir. 

N0TiC0 

Elektron zondlayici yarimkegirici lazer enma sistemi yeni nasil vizual goxrangli birbaga naviqasiya sistemi olub, 
ekstremal garaitlarda tayyara va vertolyotlarin aerodromlara, avadanliqlarla tachiz olunmamig meydangalara va 
aviadagiyici gamilara yuksak daqiqlikla endirilmasini tamin edir. Elektron zondlayici yarimkegirici lazer asasinda lazer 
enma sistemi hazirlanmasimn aktualligi artan tahlukasizlik talablari ila gartlanir. 

1. https://az.wikipedia.org/wiki/Lazer 

2. A.H. Kazimzada, V.M. Salmanov, A.A. Salmanova, L.H. Hasanova “Yarimkegirici opto va fotoelektronika” 
256 sah, Baki-2013. 
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ABSTRACT 

Nowadays development of measuring techniques is triggered by scientific and industrial boom. Even industry can not 
carry on without various measurements and measuring tools. Current measurement costs incurred by the petroleum 
industry make up 25 to 30% of all material costs expended on public production. 

As is known, the main manufacturer of measuring equipment is industry. In the petroleum industry, measuring 
equipment is an integral part of processes, as it is used for taking a wide range of readings that determine the 
progress of activities. 

Theoretically measurement techniques base on metrology. Metrology can be considered a discipline integrating 
measurements, combination of methods and tools that serve for measurement integrity, and precision and accuracy 
required to be built in the tools. Absence of metrology and metrological provision can lead to inaccurate 
measurements, errors, loss of finances and time, and in overall bring about stagnant situation in all branches of 
industry including petroleum industry. 

Keywords: Metrological support, measurement accuracy, metrology, innovation, industry, error, oil. 

PE3K5ME 

B Haiue BpeMfl pa3Bmne n3MepmenbHon TexHuxn xapaxTepn3yeTcn 6ypHbiM pa3BMTMeM naym n 
npOH3BOflCTBeHHOM npOMbllimeHHOCTM. npOH3BOflCTBeHHytO npOMbllimeHHOCTb HeB03M0>KH0 npeflCTaBnTb 6e3 
LunpoKoro cnexipa M3MepeHMM n n3MepmenbHbix npn6opoB. B HacTorunee Bpeivm 3aipaTbi Ha M3MepmenbHoe 
o6opyAOBaHne b HecfunHOH npoMbiiuneHHOc™ cociaBnneT 25-30 % Bcex 3aipaT Ha o6mecTBeHHoe npon3BOflCTBO. 
Kax n3BecTHO, ocHOBHbiM npon3BOflMTeneM M3MepmenbHOM TexHMxn HBnneTcn npoMbiiuneHHOCTb. B HecfunHoti 
npoMbimneHHOCTM M3MepnTenbHoe o6opyAOBaHne HBnneTcn HeorbeivmeMOM nacTbio TexHonorMHecxnx npoqeccoB, 
Tax xax oho ncnonb3yeicn Ana nonyneHMH MHctiopMaqHM o MHornx napaMeipax pe>xmvia, xorapbie onpeAenniOT xoa 
npoqecca. 

TeopeTMHecxoH ochoboh M3MepnTenbHOM TexHMxn HBnneTcn Meiponomn. Meiponormo MO>xeM oqeHMTb xax Hayxa 
06 M3MepeHnnx, MeTOAax m cpeACTBax o6ecneMeHnn mx eAHHCTBa m Tpe6yeMOM tohhoctm. OTcyTCTBMe MeiponorwH 
v\ MeiponorMHecxoro o6ecneMeHnn b HecfiTHHOM npoMbiiuneHHOc™ MO>xeT npi/iBec™ x HenpaBMnbHbiM M3MepeHMHM, 
norpeiiiHOCTHM, MaTepnanbHbiM 3aipaTaM, noTepnM BpeiweHM, a Tax>xe b qenoM 3acion npon3BOAMTenbHOc™ bo 
B cex ccfiepax npoMbiiuneHHOc™. 

KoroneBbie cnoBa: MeiponomHecxoe o6ecneMeHne, TOHHOdb n3MepeHMM, Meiponomn, nHHOBaqnM, 
npoMbiiuneHHOCTb, norpeaiHOCTb, HecfjTb. 

XULAS0 

Muasir dovrde olgme texnikasinm inkigafi elmin ve senaye istehsalimn suretli inkigafi ile xarakterize olunur. Sonaye 
istehsalim ise en muxtelif olgmelerin vo olgme qurgularinm genig tetbiqi olmadan tesevvur etmek mumkun deyil. Hal- 
hazirda neft senayesinde olgme texnikasina gekilen xercler ictimai istehsala gekilen butun maddi xerclerin 25-30 %-ni 
tegkil edir. 

Bildiyimiz kimi, olgme texnikasinm esas istehsalgisi senayedir. Neft senayesinde de olgme texnikasi texnoloji 
proseslerin ayrilmaz hissesini tegkil edir, hemginin proseslerin gedigini mueyyen eden goxsayli rejim parametrleri 
haqqinda melumatin alinmasi ugun istifade edilir. 

Olgme texnikasinm nszsri esasim metrologiya tegkil edir. Metrologiyam olgmeler, onlarin vehdetini temin eden metod 
ve vasiteler ve bu vasitelerin teleb olunan deqiqliyini elde eden eden bir elm sahesi kimi qiymetlendire bilerik. 
Metrologiya ve metroloji teminat olmamasi senayenin butun novlerinde, hemginin de neft senayesinde kifayet qeder 
qeyri-duzgun olgmelere, xetalara, maddi mesreflere, zaman itkisine ve umumilikde istehsalatda durgunluga getirib 
gixara biler. 

Agar sozler: Metroloji teminat, olgmelerin deqiqliyi, metrologiya, innovasiya, senaye, xeta, neft. 
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GiRi§ 

Modem cemiyyetin biitiin hayati ve foaliyyet istiqamatlari - ekologiya, sahiyya, mudafia va tahlukasizlik, an muasir 
elm hacmli texnologiyalarin inkigaf va tatbiqi, ticarat, energetika va s. olgmalarin vahdatindan, daqiqliyindan va 
dogrulugundan asilidir. Umumdunya ticaratin qloballagdirilmasi, mahsullarin beynalxalq saviyyali kompleks istehsali, 
atraf muhit problemlari, ahalinin tahlukasizliyi va saglamligi namina artan dayar, butun bunlar yeni marhalada 
olgmalarin vahdatinin tamin olunmasi talablarini yerli va beynalxalq saviyyada daha da inkigaf etdirir. Ona gora ki, 
yalmz olgmalarin duzgun va daqiq naticalari mahsulun tahlukasizliyina va keyfiyyatina, tibbi diaqnostikanin 
samaraliliyina guvanli gakilda taminat verir, atraf muhitin tamizliyina va adalatli ticarata imkan yaradir [1]. 

Gunmuzda sanayelagmig dunyada metrologiyamn ahamiyyatli rola malik oldugu damlmaz faktdir. Metrologiya 
gunumuzun sanaye dunyasinda yalmz neft sanayesinda deyil, hamginin avtomobil, faza, energetika, 
avtomatlagdirma va s. kimi sahalarda da tagakkul tapmig va avazsiz rola malik olmugdur [2]. 

Sanayeda metroloji taminatin rolu 

Bu gun istehsal muassisalarindaki proseslarin aksariyyati avtomatlagdirilmigdir, yani maginlar tarafindan idara 
olunur. Bu maginlar bir istehsal xattinda mahsul hazirlamaq ugun xususi parametrlara uygun olaraq kalibrlanmig va 
proqramlagdirilmigdir. Qeyd etdiyimiz avtomatlagdirilmig maginlar miqdari, uzunlugu, gakini, vaxti, atraf muhit garaiti 
va s. parametrlari olgmaya qadirdirlar. Bu olgmalarin daqiqliyi va hassasligi ictimai istifada va istehlak iigiin 
tahlukasizliyin va keyfiyyat talablarinin yerina yetirilmasi baximindan gox vacibdir [3]. 

Hal-hazirda olkanin maddi galir manbalarindan biri olan petrokimya sanayesinda metrologiya daha gox enerji artimi 
talabi rolunu oynayir, yani sanayeninin bu novunda metroloji taminatin duzgun aparilmasi naticasinda artan enerji 
istehsalina nail olmaq miimkiindur. Bunun bag vermasi ugun, elektrik stansiyalarimn profilaktik xidmat proqramimn 
bir hissasi kimi metroloji taminat prosesinin hayata kegirilmasi kifayatdir. Burada parametrlarin tayin edilmasinin 3D 
olgma texnologiyasi ila hayata kegirilmasi rniimkiindur. Bu metod ila biz olgulu dayigikliklar, flang yerlagdirma, 
konsentriklik, avadanliq mudaxilasi, turbin va ya firlanan avadanliq uzarinda test edilmak ugun lazim olan digar asas 
sahalar uzra malumat toplaya bilarik. Sanayeda metrologiya va metroloji taminata duzgun amal etmakla olgma 
daqiqliyini artira va xatalari kigilda bilarik. Sanayeda olgma vasitalarinda yarana bilan xatalar kullu miqdarda maddi 
zarar verma qabiliyyatina malikdir. Ggar bu xatalar aradan qaldirilarsa istehsalatda daha gox samaralilik alda edilir, 
istehsalata dayan zarar minimallagdirilir, istifada edilan olgma avadanliqlari va avtomatlagdirilmig maginlarin omru 
artirilir, maddi masraflar aradan qaldirlir va enerji itkisini azalir. Butun bunlar qlobal enerji istehlakim tamin etmak 
ugun daha gox enerji va daha qanaatcil istehsal demakdir. 

Hamginin, daniz sanayesinda metrologiya gamilarin, tankerlarin, qayiqlarin va digar su naqliyyat vasitalarinin 
igarisinda va ya xaricinda olgma aparmaq ugun istifada edila bilar. Bu naqliyyat vasitalarinin mexaniki hissalarinin 
dayigdirilmasi va yenidan qurulmasi, muasir lazer texnologiyasindan istifada edarak muvafiq olgmalar gakilinda alda 
edila bilar. Metrologiyadan istifada edarak, su naqliyyat vasitalarinin igarisinda olan otaqlarin olgularini va 3D 
olgmalarini hayata kegira bilarik va bu malumatlarla CAD rasmini hazirlaya bilar, nazarat otagimn igarisindaki movcud 
magin va boru kamarlarini nazara alaraq BWT taftig ugun lazim olan butun komponentlara uygunlaga bilarik. 

Neft sanayesinda metroloji taminatin aktual problemlari 

Umumilikda, metrologiya va metroloji taminat sanayeda tahlukasiz muhit, etibarli proseslar, innovativ malumat, artan 
inkigaf va s. noqteyi nazardan avazsiz rol oynayir. 

Bununla yanagi olaraq, olkanin neft kompleksinin problemlarinin hallinda metrologiyamn ozunamaxsus rolu vardir. 
illar arzinda olkanin neft kompleksinin aragdirilmaqda olan problemlarina maliyya, qeyri-sabitlik va qeyri-odaniglarin 
aradan qaldirilmasi, xammal bazasimn barpasi, elmi va texniki saviyyanin artiriimasi, investisiyamn olmamasi, 
effektiv qiymat va vergi siyasati, hokumatin effektiv tanzimlanmasi daxil olmugdur. Taassuf ki, bu siyahida sanayenin 
metroloji taminatmi, xususan bu problemlarin hallina birbaga tasir edan neftin kommersiya muhasibatligim 
yaxgilagdirmaq problemi yoxdur. Bu, hasilat, ilkin emal, naqliyyat, neft va neft mahsullarimn satigi proseslarinda 
olgmalarin rolu ila baglidir. Eyni zamanda, kommersiya hesablamalari mahsulun muxtalif parametrlari (axin, haem, 
kutla, sixliq, ozluluk, temperatur, suyun tarkibi, mineral duzlar, mexaniki qarigiqlar va s.) ugun duzgun olgma 
alatlarinin segilmasi asasinda hayata kegirilir. Qeyri-daqiq olgma vasitalarinin segilmasi sanayenin umumi 
mahsulunun ahamiyyatli bir hissasinin kommersiya miihasibatligindan kanara gixmasina sabab olur. Bu itkilarin 
miqyasim qiymatlandirsak kulli miqdarda maddi masraflarin yarandigimn gahidi ola bilarik. Bildiyimiz kimi neft va neft 
mahsullari kutlasinin olgma xatasi 0,35-0,5 % araligim tagkil edir. Neftin sahadan satiga gixarilmasi ugun ticari 
miihasibat ugotu (20 dafaya qadar) hayata kegirildikdan sonra, butun istehsal/satig dovrunda neft miqdarimn 
muhafizasinin umumi xatasi taxminan 2-3 % ola bilar. Bu xata alamatindan asili olmayaraq, olka iqtisadiyyati ugun 
barabar manfi naticalara gatirib gixarir. Qgar xata manfi igaralidirsa, neft va neft mahsullarimn qiymatinda real artim 
va istehsal xarclarinin enerji komponentinin artmasi olacaqdir. Sksina olaraq, xata musbat gostariciya sahib olsa, 
sahibkarliq subyektlari onlarin sarancaminda sayilmayan bir neft tadarukuna sahib olacaqlar, bu da artiq itkilari ahata 
etmak ugun istifada edila bilar. Buna gora xata alamati gozardi edila bilmaz va hesab ediram ki, neft va neft 
mahsullarimn yalmz bir parametrinin, yani onlarin kutlasi umumi neft hasilatimn 2-3 % -a qadar olgma xatasina gora 
sanayenin umumi itkisi arta bilar. Bu itkilarin aradan qaldirilmasi neft girkatlarinin rentabellik saviyyasini ahamiyyatli 
daracada artira bilar. 
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Belslikla, neft va neft mahsullarinin ticari qeydiyyatinin duzgunluyunu tamin edan neft kompleksinin metroloji 
taminatimn yaxgilagdirilmasi olkada sarmayaiarin an tasirli sahalarindan biridir. Bu proses neft satigimn hacminin 
boyumasi va olkaya daxil olan maddi vasaitin artmasi gaklinda tasir edir. Buna gora da bu istiqamat neft sanayesinin 
inkigafi konsepsiyasinda va proqraminda oz yerini tapmalidir. Neft va neft mahsullarinin miqdarinin va keyfiyyatinin 
metroloji taminatimn asas problemlarini tahlil edarkan ilk novbada, neft va neft mahsullarinin istehsalinda va onlarin 
xaricda satilmasinda texnoloji proses parametrlarinin monitorinqinin miiasir vasitalarinin olmamasi vacibdir. 
Sanayeda istifada edilan sovet istehsali olgma alatlari muasir texniki talablara cavab vermir, onlar aginma va texniki 
gartlar baximindan kritik saviyyaya yaxinlagirlar. 

Bu istiqamatda Azarbaycamn xarici olkalardan daha agagi olan asas sabablarindan biri da neft va neft mahsullarinin 
miqdarinin olgulmasi, asas boru kamarlarinin olgma stansiyalarimn axim metodlarimn kalibrlanmasi va kalibr 
edilmasinda duzgunluk olmamasidir. Buna gora, yeni bir prinsipin yaradilmasi va axim olgrnak ugun ig standartlarimn 
takmillagdirilmasi neft sanayesinin metroloji taminatimn an aktual problemlarindan biridir. 

Tachizatli neft va neft mahsullarinin dayari ahamiyyatli daracada onlarin keyfiyyatindan asilidir ki, bu da son illarda 
neft mahsullarinin keyfiyyatinin va onlarin istehsaiimn suratli artimimn etibarli gakilda idara edilmasina ehtiyacin 
artmasina sabab olur. Olgma alatlarinin istehsalgilari va dilerlarindan yuzlarla dunya bazari taminatgisi gixir. Bir gox 
olkalarda muasir Qarb olgma texnologiyalarimn six bir gakilda nufuz edilmasi, hamginin daxili inkigaflarin va 
istehsalin tadrican barpasi oz aksini tapmigdir. Galacak illarda bu tendensiyamn guclanmasini proqnozlagdirmaq 
miimkundur. 

Muasir dovrumuzda idaraetma sxemlarinin rahatliq talablari va onlari muxtalif istehsal garaitlarina uygunlagdirmaq 
zarurati ug texniki nazarat novunun intensiv inkigafina gatirib gixardi: laboratoriya, on-line va amaliyyat. Qarb neft 
girkatlarinin tacrubasi gostarir ki, bu sahalarin heg biri dominant deyil. Nazaratin optimal tagkili butun girkatlarin texniki 
va metroloji imkanlari, xususi vaziyyati va maliyya imkanlarina asaslanan iki nov analizatorlarin mantiqi birlagmasina 
va qargiliqli tasirina asaslamr. Bunlar agagidakilardan ibaratdir: 

• amtaa (kommersiya) va arbitraj nazarati; 

• texnoloji proseslari tanzimlamak maqsadi ila amaliyyat nazarati (monitorinq). 

istehsal zamam, iglanma va ya daginma zamam mahsulun keyfiyyatinin pislagmasinin qargisim almaq ugun 
amaliyyat nazaratindan istifada edilir. 

Bazar iqtisadiyyatinda tadarukgu va istehlakgi arasinda nazarat amaliyyatlari razilagma yolu ila hayata kegirilir. Bu 
halda taraflar yalmz oz aralarinda damgiqlar eda bilarlar. 

Dunya tacrubasinda neft va neft mahsullarinin qiymati bir qayda olaraq laboratoriya olgmalarinin naticalarina 
asaslanaraq muayyan edilir. Arbitraj mahkamalarindaki mahsulun keyfiyyatina dair kommersiya mubahisalari yalmz 
akkredita edilmig olgma laboratoriyasinda beynalxalq icma tarafindan tamnan ISO, ASTM va ya API usullarina uygun 
olaraq arbitraj olgmalarinin naticalarina asasan hall edilir. Bu olgma prosedurlari demak olar ki, bir-birina nisbatan 
muqayisa edilmigdir va bir-birina six baglidir, standartlagdirma va numunalagdirma garaitlarinin nazarati va butun 
keyfiyyata nazarat zanciri boyunca olgularin nazarati tamin edilir. 

Laboratoriya nazarati yaxgi idara edilan va nazarat olunan garaitda, her hansi bir xatadan fasilasiz fiksasiya va 
duzaligla tamin edilir. Keyfiyyatsiz avadanliqlardan istifada edarkan bu cur garait yaratmaq gox gatindir. Digar 
tarafdan, avadanliqlarin inkigaf sahasi laboratoriya olgma texnologiyasi ugun yeni standartlara (yeni prinsiplara, yeni 
olgma texnologiyalarina, sensorlara, ekstropolyasiya va modellagdirmaya, hamginin yeni texniki hallara) daha gox 
muasir standartlara nisbatan daha hassasdir. Buna gora da texniki va metodik xatalarin ortaya gixmasi ehtimali gox 
boyukdur. Bu halda, albatta ki, onlar standart metodlarla tanzimlanan prosedurlara riayat etmir va ya bu metodlarin 
talablarina cavab vermayan garaitda iglamaya bilarlar. Buna gora, laboratoriya nazaratinin ananavi olgusundan 
monitorinq naticalarinin ayrilmasi ehtimali olduqca yuksakdir. Buna gora, "ikili hesablama" qaydasim istisna etmak 
ugun monitorinqda istifada olunan alatlar sertifikatlagdirilmali va monitorinqin naticalari eyni gostaricinin laboratoriya 
olgmalari ila muqayisa olunmalidir. Eyni zamanda, laboratoriya nazaratinin naticalari tutugdurulbilan olmalidir. icaza 
verilan normadan artiq olan farq onlarin monitorinq sisteminda har hansi bir uygunsuzluq oldugunu gostarir. 
Olgmalarin vahdatini tamin edan bu prinsip, bir qayda olaraq mugahida edilir. Texniki sanadlarda monitorinq 
alatlarinin istehsalgilari bu cur muqayisalarin naticalarina gora cadvallar va qrafiklar taqdim edirlar. 

Neft va neft mahsullarinin keyfiyyatinin gostaricilarinin olgulmasi texnologiyasimn suratli inkigafi garaitinda onlarin 
daqiqliyi va etibarliligimn tamin edilmasi masalasi xususila vacibdir. Har geydan avval, bu, yerli neft sanayesinin asas 
ixrac mahsuluna, bazarda olan nefta aiddir. Ticarat neft keyfiyyatinin an ahamiyyatli ticarat gostaricilari bunlardir: 
sixliq, su tarkibi, xlor tuzu, kukurd, mexaniki qarigiqlar. Bundan alava, keyfiyyatin agagidaki texnoloji parametrlari 
muayyan edilir: doymug buxar tazyiqi, ozluluk, parafin tarkibi. Yerli neft sanayesinda olgma daqiqliyinin orta saviyyasi 
agagida gostarilan olgma xatalari ila (numuna xatasim nazara almadan va 30 % -a gatan numunalari nazara 
almadan) muayyan edilir: sixliq 0,25 %-a qadar; ozluluk 1 % -a qadar; buxar tazyiqi 5 % -a qadar; su miqdari 15 % -a 
qadar, xlorid duzlari 12 %, kukurd = 5%, mexaniki qarigiqlar 20% -a qadar. 

Olgma sahasindaki daha bir uygunsuzluq olgma vasitalarinin yerli va beynalxalq standartlarin talablarina qisman 
uygun galmamasidir. Bu, ticarat muhasibatliginda ikiqat hesablanmaya gatirib gixarir, istehsalin payi asasinda neft 
hasilatimn inkigafina manea toradir. Buna gora da, Azarbaycan va beynalxalq olgmalar ugun olgma naticalari 
arasinda gox ciddi farqlar yaramr. Hal-hazirda bir gox standartlar kohnalmig olgma texnologiyalarina asaslamr. Daxili 
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neft sanayesi hazirda dunya saviyyali avtomatik analizatodarda sanaye ehtiyaclarina cavab vera bilmadiyi ugun, 
Azarbaycan muassisalari beynalxalq va dovlatlararasi standartlarin talablari ugun idxal edilmig analitik 
avadanliqlardan istifada edirlar. Bu problemin aradan qaldirilmasi ugun dovlat standartlarina yenidan baxilmasi va 
duzali§ edilmasi muhum hal almigdir. 

N0TIC0 

Neft sanayesinda metrologiya metroloji taminatin nazari va tatbiqi asasim tagkil edir. Yani olgma vasitalarinin talab 
olunan daqiqliyini alda etmak ugun elmi va tagkilati asaslarin, texniki vasitalarin, qayda va normalarin tatbiq edilmasi 
baga du§ulur. 

istanilan sanayeni an muxtalif olgmalarin va olgma vasitalarinin genig tatbiqi olmadan tasavvur etmak mumkun deyil. 
Olgmalarsiz heg bir saha idara edila bilmaz. Bu neft sanayesinda mahsul va xammaldan alinan naticanin 
keyfiyyatinda muhum rol oynayir. Bu da olgma qurgularimn va olgma vasitalarinin daqiqliyina asaslamr. Olgma 
vasitalarinin talab olunan daqiqliyini alda etmak ugun metroloji problemlari hall etmak lazimdir. Belalikla, neft va neft 
mahsullarmin keyfiyyatina nazarat sahasinda asas problem daxili olgma sisteminin beynalxalq saviyyaya tarn 
uygunlagdirilmamasidir. Bu tapgiriq hazirda qisman hall olunur. Buna gora da, bu sahada neft sanayesinin inkigaf 
konsepsiyasi va proqraminda oz yerini tapmalidir. Metroloji taminatin asas problemlarini tahlili zamam xarici olkalara 
ixrac edilan neft va neft mahsullarmin keyfiyyat va kamiyyatinin duzgun qeydiyyati aparilmalidir. Bunun ugun muasir 
nazarat olgu vasitalarindan istifada edilmalidir. Bu neft emalimn hacminin qisman artirilmasina gatirib gixaran asas 
amillardan biridir. 

Hamginin, umumi sanaye, elaca da neft sahasi uzra istifada edilan olgma vasitalarinin daqiqliyini tamin etmak ugun, 
onlar vaxtinda dovri yoxlamadan kegirilmali va onlarin tamiri va tahlukasizliyi tamin edilmalidir. 
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PE3K5ME 

3ia ciaTba o CTBonoBbix KneTKax HenoBenecKoro opraHM3Ma. CTBonoBbie KJieTKM - ara ocHOBHbie xneTKM, 
HaxoAaLMneca Boxpyr BeH Bcex TKaHen. CTBonoBbie KJieiKM HBnmoTcn oneHb BawHbiMM KneTKaMM b opraHM3Me m 
MM eiOT cnoco6HOCTb npeBpamaibca b pa3Hbie bmah KJieTOK. BnaroAapn otom oco6eHHOCTM CTBonoBbix KneTOK, ohm 
M cnonb3yiOTCfl Ann BOCCTaHOBneHMH APyrMX KneTOK. 3 to Ha3biBaeica Tepannen CTBonoBbiMM KJieTKaMM. TepanMH 
CTBOiiOBbiMM KJieTKaMM npMMeHJieTesi npM caxapHOM Ana6eTe, npM aTepocKJiepo3e, npM 6ojie3HM napKMHCOHa, npM 
OHKOJIOrMHeCKMX 3a60JieBaHMHX, B OCfjTajlbMOJlOrMM M B aCTeTMHeCKOM XMpypTMM. 

KjihoneBbie cxiOBa - CTBOJiOBbie KJieTKM, 3M6pMOHajibHbie, cfieTaAbHbie, ayTOJiorMHHbie m ajuioreHHbie CTBOJiOBbie 
KJieTKM 

ABSTRACT 

This article is about the stem cell of the human body. The stem cell is the main cells around the veins around all 
tissues. Stem cells are very important cells in the body, and they can be converted into any cell. With this feature of 
the stem cell, it is used to restore other cells. This is called stem cell therapy. The stem cell therapy is used in 
diabetes mellitus, in atherosclerosis, in Parkinson's disease, in cancer, in ophthalmology, and in aesthetic surgery. 
Keywords - stem cell, embryonic, fetal, autologous and allogenic stem cell 

GiRi§ 

Hiiceyro biitiin canli orqanizmin qurulug ve inkigaf vahididir. Orqanizmin hiiceyrolari oz quruluguna, kimyevi torkibine, 
heyat foaliyyetine xas tezahiiriine vo maddolor miibadilosino gore oxgardir. ilk defe hiiceyre 1665-ci ilde R.Huk 
terefinden kegf olunub. 1882-ci ilde T.§vann ve M.fpleyden hiiceyre nezeriyyesini yaratmiglar. Hiiceyre 2 hisseden 
ibaretdir, protoplazma ve onu xaricden ehate eden qlafdan. Protoplazma - niive, ribasom, mitaxondri, lizosom, holci 
kompleksi, endoplazmatik gebekeden ibaretdir. insan orqanizminde bir-birinden ferqli bir gox hiiceyreler var. insan 
orqanizminin saglam bir gekilde iglemesini temin eden bu hiiceyreler onun saglamligi iigiin gox ehemiyyetlidir. 
Hiiceyreler orqanizmimizin iglerini yerine yetirmekde ehemiyyetli rol oynayir. Kok hiiceyreler ise ferqli tipdeki bu 
hiiceyreleri diizeltmekle megguldur.[1] Daha gox hiiceyre yaratmaq xiisusiyyeti sayesinde tez-tez oziinii yeniliye 
bilen ve mitoz boliinme ile xiisusilegmig hiiceyre tiplerine gevrile bilen ana huceyre noviine kok hiiceyre deyilir (§ek. 
1 )- 


kok hiiceyrasi 


yag hiiceyrasi 



qigirdaq 

hiiceyrasi 



* * 


sinir hiiceyrasi 



siimiik hiicevrasi 


§ekil 1. Kok hiiceyreden yaranan hiiceyreler. 

Kok hiiceyre haqqinda ilk melumat 1908-ci ilde rus histoloqu A.A.Maksimov terefinden verilmigdir. insan 
orqanizminde 2 ciir kok hiiceyre var. 
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1. Embrional kok huceyra 

2. Somatik kok huceyra 

Yumurta va spermatozoidin mayalanmasindan ziqot yaramr. Ziqot mitoz bolunma sayasinda morula blastula 
marhalasini kegirir, kanarda qalan hissa blastosist daxilda olan huceyralar embrional huceyralar adlamr. Embrional 
huceyralar kok huceyralardir. Bu huceyralar insan orqanizminda 200-dan gox huceyra tipina gevrilma potensialina 
sahibdir. Masalan, urayin doyunmasi, beynimizin dugunmasi, boyraklarimizin qam tanzimlamasi kimi proseslar 
orqanizmimizdaki kok huceyralar sayasinda bag verir. Orqanizmimizda har gun nizamli gakilda iglamasinda kok 
huceyralarin muhum rolu vardir, bu huceyralar xastalanan, yorulan, yaglanan toxumamn yenilanmasini tamin edir. 
Masalan, darimizda har gun 400000 huceyra olur, alt tabaqada olan huceyralar sayasinda yenilari avaz olunur. Yeni 
huceyralar epidermal kok huceyralari naticasinda yaramr. Kok huceyralar orqanizmin butun toxuma va orqanlarinda 
yaranan ana huceyra - bir canlimn yumurta va spermatozoid huceyralarinin mayalanmasi ila baglayan embirional 
dovrdan etibaran omru boyunca toxuma va orqanin yenilanmasinda yer alirlar. Kok huceyralar xususilagmamig 
huceyralardir, sonsuz bolunma qabiliyyati ila ozlari kimi kok huceyralar yarada bilirlar, onlarin orqan va toxumalara 
gevrilma qabiliyyati movcuddur.[2] Orqanizminda kok huceyralar 2 nov bolunma kegirirlar. 

1. Macburi asimmetrik replikasiya - bu bolunmada ana kok huceyra iki cur huceyraya bolunur: ana huceyra ila eyni 
olan huceyra va bala huceyra. Yeni ana huceyra avvalki kok huceyranin yerina kegir. 

2. Sitopatik diferensasiya - bu bolunmada iki bala kok huceyra yaramr. Bu zaman digar ana kok huceyra mitoz 
bolunma ila 2 kok huceyraya gevrilib, avvalki ana kok huceyranin yerina kegir. Bela mexanizma gora kok huceyralar 
insan orqanizminda omitr boyu qalir. Lakin orqanizm boyudukca kok huceyralar azalmaga baglayirlar (§ak. 2). 

Kok huceyra gevrilma qabiliyyatina gora agagidaki kimi tasnif olunur. 

• Totipotent- embrionda ilk 4 gun arzinda olan huceyralar gevrilma qabiliyyatini an gox olan huceyralar 
gevrilma qaliliyyati an gox olan huceyralardir. Butun canli orqanizma yani har cur toxuma va orqana gevrila 
bilir. 

• Pluripotent- embrion iginda 5-6 gundan etibaran orqanla sisteminin yaranmasi baglayir. 

• Multipotent-ana batninda bgyiiyan korpa hamilalik boyu toxuma va orqanlarimn suratli boyumasi gedir. Bu 
zaman kok huceyralar gevrilma qabiliyyatini qisman itirir. 

• Unipotent-yagli insan orqanizminda kok huceyralar artiq aid olduqlari toxuma va orqanlarin yenilanmasini 
yerina yetirir. 



§akil 2. Kok huceyralarinin yaga gora dayigmasi 

insan orqanizmindaki goxlu sayda huceyralar ciddi zarar gorduyunda tabii yolla yenilana bilmirlar. Kok huceyralardan 
bu xastalanmig va ya zarar gormiig huceyralarin yerina saglam huceyralar duzaltmak ugun istifada edilir.[3] Bu kok 
huceyra terapiyasi adlamr.Xasta huceyralarin saglam huceyra ila yer dayigmasi orqan naqlina banzayir, tak farq 
orqan yerina huceyra naql edilir (gakil 3). 
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loiumi huceyralari 
x»st»y^ verilir 
yerina catan hiiceyra 
kimyari proseslara 
maruz qalir naticada 
xasta toxuma saglam 
islamava basla^ ir 


§8kil 3. Kok hiiceyra terapiyasi 


Hal-hazirda bir kok hiiceyrani goturub embirional kok hiiceyra formasina gevirib, ondan istadiyimiz hiiceyra va 
toxuma aide eda bilirik. Bu IPS ( induced Pluripotent Stem Cell-induksiya edilmi§ ploripotent kok huceyra) adlamr. Bu 
yeni bir usuldur, bu texnologiyam ingilis alimi J.Gurdon va yapon alimi S.Yamanaka oyranmiglar. 2012-ci ilda Nobel 
mukafati almiglar. Kok hiiceyralar xaric olma manbalairina gora 3 curtasnif olunurlar. 

1. Embrional kok huceyralar 

2. Fetal kok huceyralar 

3. Yagli orqanizmin kok heceyralari 

Embrional kok huceyralar - blastosista marhalasinda (inkigafin 4-7-ci giiniinda) erkan embrionun daxili huceyra 
kiitlasindan alinir. Orqanizmin butun ixtisaslagmig hiiceyralari embrionun formalagma daracina gora ixtisaslagmamig 
embirional hiiceyralardan differensasiya edirlar. Bu hiiceyralarin bir sira manfi xarakteritikasi var. Masalan, huceyra 
naqli iigiin gotiirdiiyiimiiz kok huceyralar istanilan hiiceyraya deyil, xargang hiiceyrasina gevrila bilar. Fetal kok 
huceyralar - inkigafin 9-12-ci haftasindaki riigeym hiiceyralaridir, abort marerialindan aide olunur. Yagli orqanizmin 
kok huceyralari - siimiik iliyi, qan va piy toxumasindan alinir.[4] 

Plasenta - hamilalik dovriinda ugaq ila ana arasinda qida va oksigen alib-vermasini tamin edir. Ana batnindaki dol 
gobak ciyasi ila plasentasya baglamr. Kordon qam ugaq diinyaya galdikdan sonra plasenta tarafindaki gobak ciyasi 
iginda qalan qandir, texminan 60-70 mml olur.[5] Kordon qamndaki kok huceyralar olduqca ahamiyyatlidirlar, 
orqanizmin immun sistemi, siimiik iliyi va qan yaradici sistem hiiceyralarina yenilanmasinda istifada olunur. 12-13 
yagina kimi olan bir gox xastaliklarin miialicasinda istifada olunur. 

Kok huceyra trasplantasitasimn 2 novii var. 

• Autoloji 

• Allogenik 

Autoloji (otoloq) kok hiiceyra naqli iigiin xastanin oz kok hiiceyralarindan istifada olunur (siimiik iliyi, qan, yag 
toxumasi). Allogenik kok hiiceyra naqlinda donor uygunlugu asasan baci, qardag va yaxin qohum olur (siimiik iliyi va 
yenidogan korpanin gobak ciyasindan aide olunan kordon qam). Kok hiiceyra terapiyasi ila bir gox xastaliklar miialica 
edilir[6]. Masalan, gakarli diabet, asteskleroz, iirayin igimik xastaliyi, xroniki hepatit, qaraciyar serrozu, autoimmun 
xastaliyi, alzheymer, parkinson, onkoloji xastaliklar, oftolmoloji xastaliklar, kigi va qadin sonsuzlugu, siimiik va oynaq 
xastaliklari, o ciimladan, estetik carrahiya amaliyyatlari (sag akimi, uz cavanlagdirma, dig implanti va s.) istifada edilir. 
Avstraliyada Monash Universitetinin tatqiqatgilari onurga beyni zadalanmig baligin zadalanmig hissasini kok hiiceyra 
ila barpa etdilar. Tacruba iigiin sazan danio cinsindan olan “xamm corabi” adlanan baliqdan istifada etdilar. Bu 
baligin badani saffafdir, barpa prosesini miigahida eda bilirlar. Birinci kok hiiceyralari zadalanmig yera kogiiriiliir, 
sonraki marhalada sinir hiiceyralarinin barpasi baglayir. Hal-hazirda alimlar bu prosesi moleykulyar - genetik 
saviyyada oyranirlar va insan orqanizmina tatbiq etmak istayirlar. Tatqiqatlar ugurlu natica verarsa, onurga siitunu 
zadalanmalarin miialicasinda genig imkanlar agacaq. 

Santyaqoda Qili Universitetinin alimlari spirta meyilli gamiricilar iizarinda tacriiba apariblar. Bu gamiricilara 
mazenximal kok hiiceyra kogiirmiiglar. Alkoqalizmin aradan qalxdigim gormiiglar. Naticada ilk inneksiyadan 48 saat 
sonra heyvanlar koniillii olaraq spirt qabulunu 90% azaltmiglar. Bu terapiyamn yani, bir inneksiyamn tasiri 3-5 hafta 
davam edir. §iibhasiz, Qili alimlarinin bu tatqiqat iglari insanlarin alkoqalizma va narkotik maddalara xroniki asilligina 
qargi miibarizada gox ahamiyyatli bir igdir.[7] 

Yapon alimlari da iirak azalasini barpa etmak iigiin kok hiiceyradan istifada ediblar. Onlar kok hiiceyralarini iirak 
toxumasimn zadalanmig hissasina kogiirublar. Kok hiiceyralar urayin umumi igina qarigmayacaq ancaq, miokard 
toxumam barpa edacak. Donuzlar iizarinda kegirilmig tacriibalarin naticasi ugurlu olmugdur. Yapon alimlari insan 
iizarinda aparilacaq ilk amaliyyati 2019-cu ila planlagdirirlar. 
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N9TiC0 

Bildiyimiz kimi kok huceyreler movcud toxumalardan xasta toxumalara koqurulerek xasta bolgani barpa etmak 
qabiliyyatina malikdir. Kok huceyreler bu xususiyyetine gore insan orqanizminde mueyyen orqanlarda yaranan xasta 
huceyreni saglam huceyreye gevirirler. Kok huceyre terapiyasi ila bir gox xastaliklari mualice etmak mumkundur. 
insan orqanizmindaki kok huceyralar tabii formada xasta nahiyyani barpa eda bilmadikda kok huceyra 
transplantasiyasindan istifada edirlar. Lakin kok huceyra terapiyasimn gati§mayan cahati isa koqurulen huceyrenin 
100% istanilan huceyraya gevrilmemesidir. 
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XULAS0 

Maqalada ugug aparatlarimn bort qeydiyyat qurgularinda qeyd olunan parametrik ugug malumatlarimn email 
prosesinin bir maqsadi kimi olgitlan qiymatlarda xatalarin agkar edilmasi masalasina baxilmigdir. Eyni ugug 
tapgirigim yerina yetiran ugug aparatlarimn eynitipli harakatlari eyni tarzda icra etmali olduqlarim nazara alaraq, 
eynitipli farqli uguglarda qeyd olunmug ugug malumatlarimn oxgarliq meyarina asasan alaqali gakilda 
qiymatlandirilmasi metodu tadqiq olunmugdur. Taklif olunan metod ham ugug malumatlarimn email proseslarinda 
ananavi prosedurlara komakgi addim kimi, ham da bu sahada nisbatan yeni istiqamat olan klaster analizi metodunda 
sinaqdan gixarilmigdir. Alinan naticalar metodun ugug malumatlarindaki xatalarin agkar edilmasi itgitn yararli 
oldugunu tasdiqlamigdir. 

Agar sozler: ugug aparati, bort qeydiyyat qurgusu, ugug malumatlarimn email, korrelyasiya, olgma xatalari, 
intellektual analiz. 


GiRi§ 

Ugug aparatlarimn Bort Qeydiyyat Qurgularindan (BQQ) kogitritlan ugug malumatlarinda texniki sabablardan 
yaranmig xatalar adatan agagidaki usullarla ayird edilir: 

• konkret olgii parametrinin ardicil diskret qiymatlari arasindaki alaqalari nazara alaraq malumat izafiliyinin 
yaradilmasi yolu ila (sistematik yanagma); 

• ugug parametrlari arasindaki qargiliqli alaqalari nazara alaraq malumat izafiliyinin yaradilmasi yolu ila (sistemli 
yanagma); 

• adi uguglar zamam toplanmig malumat massivlarinin, parametrlarin fiziki anlamina boyitk diqqat ayirmadan, 
mitxtalif riyazi usullarla emal edilarak qanunauygunluqlarin agkar edilmasi yolu ila (statistik yanagma, Data Mining). 
Sistematik yanagma ugug aparatinda quragdirilmig har bir olgit vasitasinin (vacibliyindan asili olaraq) izafi 
olgmalarinin aparilmasim talab edir va bu talab BQQ-nin sikloqraminda (dovrit qeydiyyat proqraminda) nazara alimr. 
Bundan bagqa, har bir ugug aparatinda olgmalar hamiga eyni cihazlar kompleksi vasitasi ila aparildigi iigitn har bir 
cihazin olgma xatalari digar cihazlarin olgitlari asasinda sistemli gaklinda qiymatlandirila bilar. Har iki qrupa aid 
xatalar harakati ifada edan determinik qanunauygunluqlar asasinda sabit, yaxud dayigma xarakteri malum olan 
xatalar toplusu kimi tayin oluna bilarlar. Bu prosedurlar ugug malumatlarimn email prosesinda istifada olunan ananavi 
metodikalara asaslamrlar [1,2]. 

Gundalik uguglar zamam BQQ-larda toplanmig boyitk hacmda ugug malumatlarimn intellektual analizi ananavi 
usullarla segilmasi mitmkitn olmayan anomaliyalarin tapilmasi va itmumi tahlitkasizlik gablonlarimn hazirlanmasi 
ugitn boyitk imkanlar yaradir. Bu konteksda anomaliyalar harakatlarin qeyri-adi ardicilligi, harakatlar arasinda qeyri- 
adi vaxt sarfiyyati, unudulmug harakatlar va s. kimi xatalari tayin eda bilar. Bu maqsadla klaster analizi metodlarindan 
istifada olunursa, klasterlarda normal malumatlar, kanarlagmalarda anomaliyalar camlagmig olur. Tadbiq olunan 
itsullar parametrlarin fiziki anlamina fikir vermadiyi itgitn novbati addim kimi saha ekspertlarinin (agkar olunan) 
anomaliyalari aragdirmasi talab olunur [3]. 

Maqalada BQQ-larda qeyda alinan ugug malumatlarinda yer almig olgma xatalarimn eynitipli ugug tapgiriqlarimn 
icrasi zamam fiziki parametrlarin oxgarligi noqteyi-nazarindan agkarlanmasi masalasina baxilmigdir. 

Oxgarliq meyarimn ananavi (sistematik va sistemli) emal itsullarinda aprobasiyasi. 

Ugug malumatlarimn qeyda alinmig qiymatlarinin haqiqata uygunlugunu tayin etmak itgitn bir nega tayyaranin eyni 
trayektoriya itzra hadafa yanagma manevrlarindan barometrik- va radio-hitnditrlitk parametrlarinin olgitlma qiymatlari 
analiz edilmigdir (gak. 1). Bu parametrlarin segilmasi algaq hitnditrlitklarda uguglarda tahlitkasizlik itgitn ahamiyyatli 
olmasi ila alaqadardir. Olgulmitg qiymatlarin manevrlarin yerina yetirilma bacarigindan asililigim minimallagdirmaq 
maqsadi ila nitmuna itgitn kigik vaxt intervali segilmigdir. Bu halda ayri-ayri tayyaralarda qeyda alinmig qiymatlarin 
oxgarliq daracasi qiymatlandirila bilar. 
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§akil 1. Eyni ugu§ tapgirigimn icrasi zamam hundurluk parametrinin dayigma ayrilari. 

Oxgarliq daracasinin an sada qiymatlandirma usulu korrelyasiya amsalmin hesablanmasidir. Cadval 1-dan 
gorunduyu kimi har bir ayrinin o birilarla korrelyasiyasi 0,86-dan az deyil, yani olgulan qiymatlar bir-birina gox 
yaxindir. §akil 1-da verilmig radio-hundurluk parametrlarindaki uygunsuzluqlar eyniadli cihazin boyuk hundurluklarda 
va boyuk ayilma bucaqlarinda avtomatik donmasi ila alaqadardir. Praktiki ahamiyyati olmasa da, niimuna ugun 
hamin itkilari sistematik va sistemli yanagma hesabina ham barometrik-, ham da radio- hundurluk parametrlarinin 
olgulma qiymatlari asasinda barpa eda bilarik . 


Cadval 1. Hundurluk ayrilari arasinda korrelyasiya amsallari 
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1 

0.8821 

0.9984 

0.9211 

0.9903 

0.8747 

0.9038 

0.8971 

0.8821 

1 

0.8779 

0.9257 

0.9007 

0.8861 

0.9858 

0.8906 

0.9984 

0.8779 

1 

0.9129 

0.9899 

0.8665 

0.9425 

0.9522 

0.9211 

0.9257 

0.9129 

1 

0.9410 

0.9634 

0.9974 

0.9395 

0.9903 

0.9007 

0.9899 

0.9410 

1 

0.9109 

0.9144 

0.9635 

0.8747 

0.8861 

0.8665 

0.9634 

0.9109 

1 


Oxgarliq daracasinin qiymatlandirmasi iigiin novbati sada usul orta kvadratik meyl (siqma) va ug siqma qaydasidir. 
Hamin qaydaya asasan gakilmig zolaq barometrik hundurluk cihazimn olgu qiymatlarinda sapmalari, yaxud pilotun 
ugu§ tapgiriginin yerina yetirilmasinda xatalarim ayird etmaya imkan verir (§ak. 2). 
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§8kil 2 


Oxgarliq meyarimn klaster analizinda aprobasiyasi 

Oxgarliq daracasini tayin etmak ugun klaster analizi alqoritmlarindan da istifada etmak olar. MatLab sisteminda 
realize olunmug DBSCAN alqoritmi n*p olgulu matrisa yerlagdirilmig qiymatlari n*1 olgulu vektor kimi naticalandirir, 
yani matrisin satirlari arasindaki oxgarliq daracasi har bir satrin yer aldigi klasterin nomrasi ila ifada olunur. Oxgarliq 
meyari kimi satirlar (yani p olgulu noqtalar) arasindaki masafa va klaster yaradilmasi ugun talab olunan minimal 
satirlar sayi daxil edilmalidir. Natica kimi butun satirlarin yegana klastera yerlagmasi oxgarliq daracasinin yuksak 
olmasi kimi qiymatlandirila bilar. Bir nega klasterin yaranmasi fiziki prosesin ayri-ayri marhalalarini, klasterlardan 
kanarda qalan noqtalar isa sapmalari ifada eda bilar. 

Numuna ugun gakil 3 va 4-da eyni ugu§ tapgirigina uygun bir nega barometrik hundurluk ayrilarinin DBSCAN 
alqoritmina asasan emalinin naticalari verilmigdir. Birinci halda ayrilar girig matrisinin sutunlarina (p sayda ayri), ikinci 
halda satirlarina (n sayda ayri) yerlagdirilmigdir va uygun olaraq, ugug marhalalarini va ayri-ayri uguglarin 
oxgarliqlarim tayin etmaya imkan verir. Klasterlardan kanarda qalan noqtalar, yuxarida deyildiyi kimi, barometrik- 
hundurluk cihazimn olgu qiymatlarinda sapmalari, yaxud pilotun ugu§ tapgirigimn yerina yetirilmasinda xatalarim 
biruza verir. Klastera aid edilmig ayrilar asasinda, ug siqma qaydasina uygun olaraq, konkret ugug tapgirigimn 
hundurluk komponentinda buraxilan qiymatlar diapazonu tayin oluna bilar (gak 4a). Bu diapazondan kanarda qalan 
ugug anlari aragdirilma obyekti ola bilar. 


Barometrik Hundurluk 



DBSCAN 



a) 


§akil 3. 


b) 
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Barometrik Hiindurluk 



a) 



§akil 4 . 


b) 


N0TiC0 

Ara§dirmamn naticalari eynitipli ugu§lar ugun ugu§ parametrlarinin 6lgulmu§ qiymatlarinin ox§arligi prinsipi asasinda 
BQQ-larda qeyda alinmi§ malumatlarda xatalarin a§kar olunmasi metodunun yararligim tasdiq edir. Bu metod 
muayyan takmilla§dirmalardan sonra parametrik ugu§ malumatlarinda harhansi sababdan yaranmi§ xatalarin 
avtomatik a§kar edilmasi ugun tatbiq oluna bilar. 
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ARiTMiYALARiN DiAQNOSTiKASi V0 MUAI_iC0SiND0 BiOTiBBi CiHAZLARiN 
YERi 

Oruc Mehraliyev 

Tibb elmlari namizadi,Omur klinikasi 
Email: 

ABSTRACT 

Unfortunately, often cardiac arrhythmias are episodic in nature—they come and go without warning.An accurate 
diagnosis is a key component to developing the best treatment plan. The heart rhythm specialists at the “OMUR” 
Medicine Center for Arrhythmia Care offer state-of-the-art testing using the latest diagnostic technology and 
techniques in order to identify the type and exact location arrhythmia. 

Keywords: diagnostic technology, arrhythmia, electrocardiography (EKG), Holter monitor, electrophysiology studies 

PE3K5ME 

KpaTKOBpeMeHHan 3anncb 3KI~, HecMOTpn Ha BaxmocTb n i/iHcfcopMaTMBHOCTb, mvieei orpaHMneHHbie bo3mo>khoctm, 
oco6eHHO ecnn HapyaieHMe pmivia hocmt kopotkmm w npexoflamriM xapaKTep.ToHHbiM Auamo3 HBimeTcn KmoneBbiM 
KOMnoHeHTOM Ana pa3pa6oTKM nyHLuero nnaHa neneHMR CneunanncTbi no cepAenHOMy pmMy b MeAnqHHCKOM 
peHTpe “OMUR” npeAnaraiOT coBpeMeHHoe Tec™poBaHne c ncnonb30BaHnei\/i HOBeMiunx AuamocTMHecKMx 
TexHonorMM m mstoaob, HTobbi onpeAenmb Tun m TOHHoe MecTonono>KeHMe aprnMnn. 

KjnoneBbie cnoBa: AnamocTMHecKMe TexHonomM, apmMMn, aneKipoKapAMorpacfiMn (3KI~), xomepoBCKHM 
MOHMTOp, 3neKTpo43M3MOnOmHeCKMe MCCJieAOBaHMH. 

Urak-damar sistemi xastaliklari dunyada xususila inkigaf etmig olkalarda genig yayilmig patologiyalardan biri olub 
yuksak olum faizi ile diger xastaliklerdan farqlanir. Yeni mualice metodlarinin o cumladan muxtalif antiaritmik 
preparatlarin va elektrokardostimulyatorlarin iglanilib hazirlanmasina va kliniki praktikaya tatbiq edilmasina 
baxmayaraq tadqiqatgilarin apardiqlari aragdirmalarin naticalari gostarmigdir ki, urak-damar sistemi xastaliklarindan 
olumun asas struktur hissasini aritmiyalardan irali galan qaflati olum tagkil edir(2,5). 

Aritmiyalarin diaqnostikasinda bir sira qeyri-invaziv va invaziv metodlardan istifada olunur. Xastalarda ritm 
pozulmasina gubha olduqda agagidaki muayinalar aparilmalidir. 

1. Sakit vaziyyatda elektrokardioqrammanm gakilmasi 

2. EKQ-nin sutkaliq stasionar va ya ambulator monitorinqi 

3. Urayin EXO kardioqrafiyasi 

Elektrokardioqrafiya miiayinasi aritmiyasi olan va ya ritm pozgunluguna gubha olan butun xastalara mutlaq 
gostarigdir. Elektrokardioqrafiya zamam muayina vaxti gox qisa oldugundan bazan aritmiya qeyd olunmur. Lakin bu 
metod aritmiya yarada bilacak risk faktorlari haqda genig malumat verir (8, 10). Onlar agagdakilardir. 

1. Miokardda ocaqli dayigikliklarin olmasi. 

2. Madacik va qulaqciqlarin hipertrofiyasi. 

3. Madaciklarin vaxtindan avval oyanmasi. 

4. Bruqada sindromunun alamatlarini. 

5. Q-T inervalium uzanmasi va ya qisalmasi. 

6. Qulaqciqdaxili, qulaqciq-madacikarasi, madacik daxili blokadalarin olmasim. 

Bu metodun gatigmayan asas xususiyyati muayina muddatinin qisa olmasidirki,bu muddatda da gox zaman aritmiya 
qeyd olunmur. 

Xastalarda hayati tahliikali aritmiyalara gubha olduqda stasionar garaitinda elektrokardioqrammanm monitorinqinin 
aparilmasi vacibdir. Bu problemi aradan qaldirmaq ugun aritmiyamn agirliq daracasindan asili olaraq xastada 
stasionar va ya ambulator garaitda elektrokardioqrammanm bir va ya bir nega sutkaliq monitorinqini aparmaq daha 
maqsadauygundur. Bu zaman asas maqsad aritmiyamn novunun tayini ila yanagi, ham da aritmiya baglayacaq anda 
xastaya xususi tacili tibbi yardimin gostarilmasidir. 

Hal-hazirda xastalarda xususi tahlukali aritmiyalara gubha olmadiqda ambulator garaitda Holter monitorinqinin 
aparilmasi daha genig yayilmigdir(1,4). Holter monitorinqindan alinmig naticalara asasan agagidaki alamatlar tayin 
oiuna bilar: 


1-ci Beynalxalq Elmi-Praktik Konfrans: 

Muasir Informasiya, Olgma va Idaraetma Sistemlari: Problemlar va Perspektivlar (MiOiS-2019) 



THE CAUCASUS 

ECONOMIC AND SOCIAL ANALYSIS JOURNAL OF SOUTHERN CAUCASUS 






ISSN: 2298-0946, E-ISSN: 1987-6114 


JULY 2019 VOLUME 32 ISSUE 05 



1. Bir sira simptomlarin asas sababi olan tranzitor ritmi pozgunluqlari. 

1. Ritm pozgunluqlarinin kamiyyatca qiymatlandirilmasi(§akil 1.1). 

2. Taxikardiya tutmalarmin ba§lanma mexanizmi. 

3. Aritmiyamn yaranmasmin bazi sabablari, o cumladan miokardin i§emiyasi. 

4. Medikamentoz terapiyamn effektliyi. 

5. Suni ritm aparici implantlarin faaliyyatinin yoxlanmasi. 

6. Darmanlarin proaritmogen tasirinin muayyanla§dirilmasi. 



§akil 1.1. Holter muayinasinin naticasi: Tez-tez, politop madacik ekstrasistoliyasi. ST seqmenti normal pozisiyasi. 

Sutkaliq EKQ monitorinqi cihazi 2 hissadan ibaratdir: 

A) xasta uzarinda yerla§dirilmi§ qabuledicidan 
V) de§ifra proqrami yerla§dirilmi§ kompyuterdan. 

Qabuledici xususi 5 elektrod vasitasi ila muayyan edilmi§ noqtalarda xastanin do§ qafasina baglamlir(§akil 1.2.). 
Verilmi§ proqrama uygun olaraq cihaz 24 saat muddatinda xastanin urak faaliyyatinin fasilasiz qeydiyyatim aparir va 
yadda§ kartinda saxlayir. Cihaz xastaya qo§ularkan xastanin ufuqi va §aquli vaziyyatinda P di§inin va QRS 
kompleksinin qurulu§una baxilir ( 3.6). 


1st International Scientific-Practical Conference: 

Modem Information, Measurement and Control Systems: Problems and Perspectives (MIMCS 2019) 



THE CfiUCfiSUS 

ECONOMIC AM) SOCIAL ANALYSIS JOURNAL OF SOUTHERN CAUCASUS 


1 































































































































































ISSN: 2298-0946, E-ISSN: 1987-6114 


%rt, 


B SOUTHERN CAUCASUS SCIENTIFIC JOURNALS 


THE CAUCASUS 

'ECONOMIC ANO SOCIAL ANALYSIS JOURNAL OF SOUTHERN CAUCASUS 


JULY 2019 VOLUME 32 ISSUE 05 



§9kil 1.2. Holter monitoru cihazi 

Miixtalif darman maddalarinin aritmogen tasirini nazara alaraq monitorinqdan 2 gun avval xastalara butun darman 
maddalarinin qabulu dayandirilir. Monitorinq zamam xastalara adi gundalik hayatlarmi yagamaq tovsiyya edilir. 
Qabuledici cihaz xiisusi port vasitasila yaddag kartinda saxladigi informasiyam kompyutera oturur. Degifra proqrami 
yerlagdirilmig kompyuterda “dialoq” metodu asasinda xastalarin sutkaliq urak faaliyyati muayina olunur(7,8,9). 

“Omur” klinikasinda xastalara tatbiq olunan dopier exokardioqrafik muayina cihazinda 3,25 mhs tezlikli oturucu 
vasitasila M-modal,B va PW rejimlarindan istifada edilir.Bu muayina vasitasila urayin atma fraksiyasi, son diastolik 
olgu, madacikarasi va qulaqciqarasi gaparin tamligi, urak azalisinin qalinligi, urayin sistolik va diastolik funksiyasi, 
klapan aparatimn qurulugu va urakdan gixan magistral damarlarin vaziyyati oyranilir(§akil 1.3.). 



§akil 1.3. Exokardiodoppleroqrafik muayinanin naticalari. Madaciklarin cuzi hipertrofiyasi. Urak kameralari 
geniglanmayib. Sol madaciyin sistolik va diastolik funksiyalari normal olub AF - 74%-dir. Seqmentar harakat 
pozgunlugu yoxdur. PS-98. 

Aritmiyalarin diaqnostikasinda invaziv metodlardan an cox istifada olunan,urak daxili elektrofizioloji muayinasinin 
(EFM) aparilmasidir. Bu metod asasan iki hissadan: kardiomiositlarin elektrik aktivliyinin qeydiyyatindan va urayin 
ayri-ayri hissalarinin elektostimulyasiyadan ibaratdir (5,8). 

EFM vasitasila lokal olaraq urayin, xususan da aparici sisteminin ayri-ayri hissalarinin elektrik aktivliyinin qeydiyyati 
aparilir. Bu zaman fasilasiz olaraq urak tsikli zamam impulsun amala galmasina va onun aparici sistemin ayri-ayri 
hissalari tarafindan oturulmasini fasilasiz mugahida etmak mumkundur. EFM vasitasila ham da urayin ayri-ayri 
gobalarini elektrotisimlyasi etmak mumkundur. Bu zaman asas maqsadi aparici sistemin funksional vaziyyatini 
oyranmakdan ibaratdir. 

Hal-hazirda aritmiyamn mualicasinda medikamentoz va qeyri medikamentoz metodlardan geni§ istifada olunur. 
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Kardioloqlarin fikrinca aritmiyalarin derman terapiyasinm ba§lanmasindan avval onlarin yaranma mexanizmi, 
kliniki alamatlar, ola bilacak fasadlar tam aydinla§dirilmalidir (2, 3). 

Taassiif ki, hal-hazirda butun talablara cavab vera bilacak ela bir antiaritmik preparat yoxdur. Har bir antiaritmik 
darman ugun asas xarakterik xususiyyat bu darmanlarin proaritmogen effektinin yani bu preparatlarin aritmiya yarada 
bilmak xususiyyatidir. Lakin bazi faktorlar, kardiomiositlarin struktur dayi§ikliyi naticasinda miokardin elektrik qeyri 
stabilliyinin amala galmasi, ion kanallarinda elektrolit axininin pozulmasi, miokardin pH-nin dayi§masi, vegetativ sinir 
sisteminin tonusunun dayi§masi, antiaritmik darmanlarin keciriciliya va refrakterliya tasir etmakla, re-entry 
mexanizmini artirmasi proaritmiyamn yaranmasinda rol oynaya bilar. 

Aritmiyalarin mualicasinda kateter destruksiya, elektrokardiostimulyasiya, elektrik kardioversiyadan da genis istifada 
olunur (1,5,8). 

Kateter destruksiya zamam zond-elektrod vasitasila ektopik ocaga tasir etmakla aritmiya aradan qaldirilir.Bu metod 
asasan madacikustu aritmiyalarda daha effektlidir. Elektrokardiostimulyasiya metodu muxtalif tipli, hemodinamik 
pozgunluqlarla gedan bradiaritmiyalarda istifada olunur. Muasir kardiostumulyatorlarin hamisi urak vurgularimn sayi 
muayyan haddan a§agi du§dukda isa ba§layir (demand rejim). 

Elektrik kardioversiya muxtalif, hayati tahlukali taxiritmiyalar zamam normal sinus ritmini barpasi ucun istifada olunan 
yuksak effektlli mualica vasitasidir. Bu metodu tatbiq etmakla qisa zaman kasiyinda yuksak voltajli elektrik carayam 
vasitasila miokarda tasir etmakla sinus ritmi barpa olunur (1,7). 

0D0BiYYAT 

1. Boyett MR, Jewell BR. Analysis of the effects of changes in rate and rhythm upon electrical activity in the 
heart. Prog Biophys Mol Biol 1980;36:1-52. 

2. Severi S, Corsi C, Rocchetti M, Zaza A. Mechanisms of beta-adrenergic modulation of l(Ks) in the guinea- 
pig ventricle: insights from experimental and model-based analysis. Biophys J 2009;96:3862-72. 

3. Volders PG, Stengl M, van Opstal JM, et al. Probing the contribution of IKs to canine ventricular 
repolarization: key role for beta-adrenergic receptor stimulation. Circulation 2003;107:2753-60. 

4. Rocchetti M, Besana A, Gurrola GB, et al. Rate-dependency of delayed rectifier currents during the guinea- 
pig ventricular action potential. J Physiol 2001 ;534:721-32. 

5. Reuter H. Calcium channel modulation by neurotransmitters, enzymes and drugs. Nature 1983;301:569-74. 

6. Vassalle M. Electrogenic suppression of automaticity in sheep and dog Purkinje fibers. Circ Res 
1970;27:361-77. 

7. Kirchhof PF, Fabritz CL, Franz MR. Postrepolarization refractoriness versus conduction slowing caused by 
class I antiarrhythmic drugs: antiarrhythmic and proarrhythmic effects. Circulation 1998;97:2567-74. 

8. Davidenko JM, Antzelevitch C. Electrophysiological mechanisms underlying rate-dependent changes of 
refractoriness in normal and segmentally depressed canine Purkinje fibers. The characteristics of post¬ 
repolarization refractoriness. Circ Res 1986;58:257-68. 

9. Motloch LJ, Ishikawa K, Xie C, et al. Increased afterload following myocardial infarction promotes 
conduction-dependent arrhythmias that are unmasked by hypokalemia. JACC Basic Transl Sci 2017;2:258- 
69. 


1st International Scientific-Practical Conference: 

Modem Information, Measurement and Control Systems: Problems and Perspectives (MIMCS 2019) 



THE CfiUCfiSUS 

ECONOMIC AM) SOCIAL ANALYSIS JOURNAL OF SOUTHERN CAUCASUS 


1 





ISSN: 2298-0946, E-ISSN: 1987-6114 


ft*SOUTHERN CAUCASUS SCIENTIFIC JOURNALS 

4 ? THE CAUCASUS 

ECONOMIC ANO SOCIAL ANALYSIS JOURNAL OF SOUTHERN CAUCASUS 


JULY 2019 VOLUME 32 ISSUE 05 


M0D0-BAGIRSAQ TRAKTININ PATOLOGiYASININ A§KARLANMASINDA 
MUAYiN0 V0 SiMPTOMOKOMPLEKS NOVL0RiNiN ANALiZi. 

Mussvi Ulkar 

“Cihazqayirma muhandisliyi” kafedrasi, Azarbaycan Dovlar Neft va Sanaye universiteti. (Azarbaycan) 

E-mail: musevi.ulker@mail.ru 

ABSTRACT 

Gastrointestinal tract (MBT) diseases are a global problem. The physician examinations in the diagnosis of diseases 
of the digestive system of the body are carried out according to the necessary diagnostic minimum (ZDM) and 
additional examination (EMD) schemes. The factors chosen for the diseases of the gastrointestinal tract and the 
gastrointestinal tract, which belong to the class of major diseases of the digestive system, are more important. 
Keywords: gastrointestinal tract, symptomcomplex, pathogenetic factor, endoscopic examination 


REZUME 

Mada-bagirsaq trakti (MBT) xastaliklari qlobal problemlardan biridir. Orqanizmin hazm sisteminin xastalik 
diaqnozunun qoyulmasinda hakimlar tarafindan aparilan muayinalar zaruri diaqnostik minimum (ZDM) va alava 
muayina toplusu (GMT) sxemlari uzra aparilir. Hazm sisteminin asas xastaliklari sinfina aid olan mada xorasi va 
onikibarmaq bagirsagin xorasi xastaliklari ugun segilmig faktorlar daha ahamiyyatlidir. 

Agar sozlar: mada-bagirsaq trakti, simptomokompleks, patogenetik faktor, endoskopik muayina 

Hazirda orqanizmin hazm sisteminin xastalik diaqnozunun qoyulmasinda hakimlar tarafindan aparilan muayinalar 
ZDM va GMT sxemlari uzra aparilir. ZDM-ya daxil olan muayinalara adatan agagida gostarilanlarin bir negasi va ya 
hamisi daxildir: sorgu, qarin boglugunun barmaqla muayinasi (palpasiya), qamn va sidiyin umumi analizi, nacisin 
gizli qana yoxlamlmasi, EKQ, USM, madanin rentgen tadqiqi, biopsiya ila qastroskopiya, mada girasinin turgulugunun 
muayyan olunmasi. Bu tadqiqatlar uzra aparilan butun informasiyalar xastalik tarixgasina daxil edilir, xastaliyin gedigi 
va inkigafi (etiologiyasi) ugun malumat manbayi olur. 

Diaqnozun qoyulugunda §iibha yaranarsa, yalmz diaqnostik minimumla kifayatlanmayib, alava daha daqiq 
tadqiqat aparilir. 


Cadval 1.1 

Diaqnostik minimum uzra muayina novlari (metodlari) _ 


Metodun 

Metodun adi 

Metodun tasviri 

nomresi 



i 

Sorgu va baxig 

Xastanin orqanizminin asas parametrlarinin, gikayatlarinin, zararli 
adatlarinin qeydiyyati, orqan va sistemlarin gorunan hissalarinin 
tasviri, nacisin yoxlanmasi 

2 

Barmaqlarla 
muayina (palpasiya) 

Agrim muayyan etmak ugun qarin boglugu orqanlarinm allanmasi 

3 

Sidiyin umumi analizi 

Zulalin miqdarimn tayini 

4 

Qamn umumi analizi 

EQR(eritrositlarin gokma reaksiyasi) tayini, hemoqlobinin miqdari, 
qirmizi qan kuraciklarin tayini 

5 

Qamn bioloji analizi 

Bir sira kimyavi maddalarin tayini 

6 

Nacisin tadqiqi 

Nacisda gizli qamn agkarlanmasi 

7 

EKQ 

Urak-damar sisteminda (UDS) pozuntularin agkarlanmasi 

8 

Ultra-sas muayina 

(USM) 

Od kisasinin muayinasi 
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9 

Rentgenoloji tadqiqat 

Rentgenkontrast maddalardan istifada etmakla madanin muayinasi 

10 

Madanin tarkibinin 
qastroskopiya ila 

alava analizi 

Madanin endoskopik muayinasi, biopsiya, mada §irasinin 
tur§ulugunun analizi, madanin tarkibinin analizi 


Nazardan kegirilan tadqiqat novlari Pareto qanununa asaslamr, bela ki, kulli miqdarda malumati ozunda aks etdiran 
azsayda umumila§dirici metodlari ayirmaq olar. 

Made va onikibarmaq bagirsagin xastaliyinin asas simptomlari bu hissalarda agrilarin, dispepsik pozuntularin, 
onikibarmaq bagirsagdan galan qamn va umumi narahatligin olmasidir. 

Tadqiqat zamam daha zaif cut korrelyasiya alaqali 30 simptomatik faktorlar muayyan olunmu§dur: 

• agrinin movcudlugu; 

• agrinin xarakteri; 

• agrinin mahdudla§dirilmasi; 

• agri ila qida qabulunun alaqasi; 

• agrinin qar§isim alma; 

• qicqirma; 

• agirla§mi§ varislik; 

• siqaret gakma; 

• i§taha; 

• dilin uzarinda arpin olmasi; 

• qarinin barmaqla muayinasi zamam agri sahasinin muayyan olunmasi; 

• agri noqtalari; 

• qara ciyarin olgusu; 

• nacisin rangi va qatiligi; 

• Pasternatski simptomu; 

• qusurun yeri; 

• xastaliyin fazasi; 

• avvalki xastaliklar; 

• hemoqlobin; 

• eritrositlar; 

• leykositlar (ag qan cisimciklari); 

• umumi bilirubin; 

• dolayi bilirubin; 

• qliikoza (iiziim §akari); 

• protrombin; 

• USM (od kisasinin patoloji dayi§ikliklarinin a§karlanmasi maqsadila); 

• qari§iqliqlar (qiciq olmadan made §irasinin analizi); 

• asas saata gora ifraz (mada tarkibinin qiciqa gora analizi). 

Daha sonra simptomatik faktorlarin toplusu asasinda Pareto qanunu iizra daha vacib olanlari muayyan olunmu§dur. 
Belalikla, a§agida asas alamatlar segilmi§dir: 

• agrinin olmasi; 

• agrinin xarakteri; 

• agrinin lokalla§masi; 

• agrinin qida qabulu ila alaqasi; 

• qicqirma; 

• qusurun yeri. 

Segilmi§ faktorlar hazm sisteminin asas xastaliklari sinfina aid olan mada xorasi va onikibarmaq bagirsagin xorasi 
xastaliklari iigitn daha ahamiyyatlidir. Bu faktorlar ilk novbada qeyri-salis mantiqi gixi§ sisteminda istifada olunur. 
Simptomatik faktorlarla (SF) yana§i, diaqnozun qoyulmasinda patogenetik faktorlara (PF) da fikir verilir. Bunlara 
aiddir: cins, ya§, siqaret gakma, igki istifadasi. 

Agir formali varislik da PF-ya aiddir. 


Gostarilan faktorlar cadval 1.2-da verilmi§dir. 

Cadval 1.2 
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Simptomatik V8 patogenetik faktorlarin toplusu 


Adi 

Faktorun novu 

Agrinin olmasi 

SF 

Agrinin lokallagmasi 

SF 

irradiasiya (agri hissinin kanara yayilmasi) 

SF 

Agrinin qida ila alaqasi 

SF 

Agrinin qargisimn alinmasi 

SF 

Gayirma 

SF 

Qicqirma 

SF 

i§tah 

SF 

Qarimn iglamasi 

SF 

Ya§ 

PF 

Cins 

PF 

Agir varislik 

PF 

Siqaret gakma 

PF 

Bark spirtli igkilarin istifadasi (>10%) 

PF 


Belalikla, madanin va onikibarmaq bagirsagin xora xastaliyinin asas simptomlari agri, gayirma, qicqirma, igtaha va 
qarin pozuntusu, hamginin asnama, qizdirma, ariqlama kimi alamatlar da ola bilar. Diaqnozun qoyulmasi ugiin 
agrinin xarakterinin, onun lokallagmasimn, kanara yayilmasinin, ham da intensivliyinin, qida ila alaqasinin, badanin 
vaziyyatinin muayyan edilmasi asas gartlardir. 

Bununla yana§i, ballidir ki, diaqnozun qoyulma ehtimalimn artirilmasinda vizual alamatlarla yanagi, goxsayli 
patogenetik faktorlarin tasiri da nazara alinmalidir. Tacrubasiz hakim muayyan vacib faktorlari nazara almayaraq, 
sahv diaqnoza gatirib gixara bilar. Bu halda an bahali videoendoskopik sistemlar bela pasiyentin xastalik tarixgasini 
obyektiv aks etdira bilmir va patogenetik faktorlarin xastaliyin inkigafina tasirini muayyan etmakda gatinlik yaramr. 
Belalikla, bu sistemlarin asas noqsan cahati yuxarida gostarilan faktorlarin gakildan alinan alamatlarla birga son 
diaqnozu aks etdiran altsistemin olmamasidir. 
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KOSMOSDAN MUXT0UF iLLdRDd Q0Kil_Mi§ T0SViRL0RiN T0HLiLi 
0SASINDA KUR-ARAZ OVALIGI TORPAQLARININ MELiORATiV V0ZiYY0TiND0 
GETMi§ D0Yi§iKLiKL0R 

P.Y. Nagiyev,. A.R. Mehtiyeva., N.M. Csadova, E.L.Yuryeva 
(MAKA-nin Tebii Ehtiyatlarin Kosmik Tedqiqi institutu) 

Email: 

ABSTRACT 

In this article the influence of anthropogenic factor to increasing of square of soil salinization of the Kura-Araks plain 
is considered. 

It was determined, that because of not keeping of agromeliorative agrotechnical rules on agricultural lands during 10 
years (1998-2008) square of middle saline soils increased on 31,2 ths hectares, and during 20 years (1998-2018) 
increased on 67,1 ths hectares. Square of highly saline soils and solonchak during 10 years increased on 35,5 ths 
hectares, and during 20 years increased on 43,3 thousand hectares. During the 1998-2008 years square of non¬ 
saline and weak saline soils decreased on 66,7 ths hectares, for the period 1998-2018 decreased on 100,4 ths 
hectares. 

PE3IOME 

B ashhom CTaibe paccMaipuBaeica BonaHne amponoreHHoro cfcaiaopa Ha yBennneHHe noomaAn 3aconeHna noHB 
Kypa-ApaKCHHCKoPi paBHMHbi. 

YcTaHOBoeHO, hto b cbh3m c Heco6moAeHneM arpoMennopa™BHbix arpoiexHMHecKnx npaBno Ha 
cejibCKOxo3HMCTBeHHbix yroAbax b TeneHHe 10 neT (1998-2008 rr.) nooLAaAb cpeAHe 3aconeHHbix noHB 
yBenHHMJiacb Ha 31,2 Tbic.ra, a b TeneHMe 20 neT (1998-2018 rr.) yBenMHMnacb Ha 67,1 Tbic.ra. IlnoLAaAb cmibHO 
3aconeHHbix noHB h conoHnaxa 3a 10 neT yBenHHMnacb Ha 35,5 Tbic.ra, 3a 20 neT yBenHHMnacb Ha 43,3 Tbic.ra. 3a 
1998-2008rr. nnoLAaAb He 3aconeHHbix m cna6o 3aconeHHbix noHB yMeHbwmiacb Ha 66,7 Tbic.ra, 3a 1998-2018 rr. 
yMeHbLUMnacb Ha 100,4 Tbic.ra. 

Kand tasarrufatimn davamli inkigaf etdirilmasinde torpaqlarin muhafizesi va ekin altinda samarali istifada olunmasi 
asas masala sayilir. 

Statistik malumatlar gostarir ki, hazirda planetimizin arazisinda 1,78 milyard hektar torpaq akingilikda istifada edilir. 
Bu torpaqlarin taxminan 270 milyon hektarim suvarilan torpaqlar tagkil edir. Baxmayaraq ki, suvarilan torpaqlar 
umumi akin altinda istifada edilan torpaqlarin 15%-ni tagkil edir, ancaq bu torpaqlardan alinan mahsul umumi 
mahsulun - hissasina barabardir. 

3 

Dunyamn bir gox olkalarinda Qin, Hindistan, Amerika, Misir va s. olkalarda suvarilan torpaqlardan ilda 2-3 data 
mahsul goturulur. Suvarilan torpaqlarin bu musbat xususiyyati ila barabar onlarin manfi taraflarida vardir. Bela ki, 
kand tasarrufatil sahalarida aqrotexniki va aqromeliorativ qaydalara duzgun riayyat edilmadikda bu bu torpaqlarda 
§orla§ma prosesi getmaya ba§layir [1]. 

BMT-nin kand tasarriifati va arzaq mahsullari malumatlarinda gostarilir ki, dunyamn suvarilan torpaq sahalarinda 
il arzinda 500 mindan artiq torpaqlar §orla§araq yararsiz vaziyyata du§ur. 

Artiq bir gox illardir ki, dunyamn inki§af etmi§ olkalari kand tasarriifati va digar torpaq sahalarinin xaritaya 
alinmasinda Yerin suni peykindan (YSP) gakilmi§ tasvirlardan geni§ istifada edir. 

Tadqiqatlar gostarir ki, kosmosdan gakilmi§ tasvirlarin raqamli tahlili asasinda, az muddatda 100 min hektarlarla 
sahalarda yilksak §orla§mi§ va §oran torpaq sahalarini muayyan etmak olur. Bu usul gol tadqiqatlarainda nisbatan 
asan va ucuz ba§a galir. 

Azarbaycan dunyamn qadim akingilik regionlarindan ibarat oldugu iigun respublikamizin arazisinda §orla§mi§ 
torpaqlar geni§ yayilmigdir. Respublikamizda §oranla§mi§ torpaqlarin 90%-dan gox hissasi Kur-Araz ovaliginda 
tasadiif edilir. Bundan bagqa §orla§mi§ torpaqlara Siyazan-Sumqayit massivinda va Naxgivan Muxtar respublikasi 
arazisinda rast galinir. 

Kur-Araz ovaligimn iqlimi temperatur rejimina gora subtropikdir (orta illik temperatura musbat 14°-15° S), illik 
yagintilarin miqdari 250-300 mm tagkil edir. Yer sathindan buxarlanma diigan yagintilarin miqdarindan 2,5-3,5 data 
goxdur. 
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Yay aylarinda tez-tez muxtalif intensivliya va davamiyyata malik olan quraqliq mugahida edilir. Yay faslinda Kur-Araz 
ovaligi arazisina yagintinin az dugmasi bu arazida becarilan kand tasarrufati bitkilarin intensiv suvarilmasmi talab 
edir. 

Geoloji malumatlara asasan, dorduncii dovrda Xazar danizi bir nega data Kur-Araz ovaligim basmigdir. Xazar 
danizinin sulari geri gakildikda ovaligin arazisinda goxlu gokaliklar laqunlar amala galmigdir. Hamin dovur bu arazida 
isti tropik iqlim hakim olduguna gora, gokakliklardaki sular buxarlanmig, suyun tarkibindaki duzlar bu torpaqlarda 
gorlagma prosesinin tadrican artmasina sabab olmugdur. 

Tadqiqat arazisinin cografi garaitindan va torpaq amalagatiran suxurlarin kimyavi tarkibindan asli olaraq ovaligin 
arazisinda sulfatli, xloridli va sodali gorlagmig torpaqlara va onlarin muxtalif gorlagma daracalarina tasaduf edilir. 
1929-cu ilda Kur-Araz ovaligi arazisinda aparilan gol torpaq tadqiqatlarinda qrunt sulari 2-7 m darinlikda qrunt 
sularimn minerallagma daracasi 5-50 qr/l arasinda olmugdur. 

Ovaligin torpaq iqlim va meliorativ vaziyyatini nazara alaraq 1934-35-ci illarda Mugan-Salyan, 1951-52-ci illarda Mil, 
1958-76-ci illarda isa §irvan va Qarabaq duzu arazilarinda agiq va qapali drenaj gabakalari gakilmigdir. Belalikla, 
Kur-Araz ovaligimn araisinda taxminan 25 min km uzunlugunda kollektor-drenajgabakalari gakilmig xeyli sahalarda 
meliorativ iglar aparilmigdir. 

Aparilmig meliorativiglar naticasinda Xazar danizina 100 min m 3 -larla minerallagmig sular axidilmig va onlarin 
tarkibinda tonlarla duz olmugdur [2]. 

Kur-Araz ovaliginda torpaqlarinm §orla§masina tasir edan an muhum amil qrunt sulari hesab olunur. Qrunt sulari 
ovaligin bu va digar arazilarinda muxtalif darinlikda yerla§mi§dir. 

Duzanliyin ela sahalari vardir ki, burada qrunt sulari yerin ust sathina yaxindir. Bu sahalarda torpaqlarin §orla§ma 
prosesi daha giddatli gedir. 

Bela ki, qrunt sulari torpagin 1-2 m darinliyinda yerlagan sahalarinda yayin isti aylarinda kapilyar borular vasitasila 
yerin ust qatina qalxaraq giddatli buxarlanmaya maruz qalir, buxarlanmig qrunt suyu tarkibinda olan duzu torpagin 
ust qatinda saxlayir. Hamin proses uzun muddat davam etdikda, torpagin ust qati §oranla§ib yararsizlagir (§akil 1). 



§akil 1. §oran torpaqlar 

Milli Aerokosmik Agentliyi Tabii Ehtiyatlarin Kosmik Tadqiqi institutunun sifarigi asasinda 1998-ci ilda “LANDSAT-TM'’ 
Yerin suni peykindan Azarbaycan arazisinin goxkanalda tasvirlari gakilmigdir. 

Xarici olka va bizim istitutun mutaxassilari birga raqamli tahlil asasinda respublikamizin kand tasarrufati sahalari 
xaritaya alinmigdir. Bu xaritada tadqiqat arazisinda yuksak daracada §orla§mi§ va §oran torpaq sahalari muayyan 
edilmigdir. 

Bu xaritanin asasinda Kur-Araz ovaligi torpaqlarinm §orla§ma xaritasi hazirlanmigdir. Belalikla cografi malumatlar 
sistemi (CMS) texnologiyasimn komayi va kontakt usulundan istifada olunaraq Kur-Araz ovaligi torpaqlarin elektron 
§orla§ma xaritasi tartib edilmigdir. 

“LANDSAT-TM” peykindan gakilmig tasvirlarin naticasinda Azarbaycan arazisinin tartib edilmig kand tasarufati 
sahalari xaritasinan Kur-Araz ovaligi torpaqlarinm §orla§ma xaritasini tartib edanda, kand tasarrufati xaritasinda 
xaritaya alinmig yuksak §orla§mi§ va §oran torpaq sahalari hamin xaritadan Kur-Araz ovaligin xaritasina kegirilmigdir. 
Kur-Araz ovaligimn akin altinda istifada edilan torpaqlarin §orla§masim muayyan etmak ugun, akin sahalarin gum va 
gumalti qatlarindan torpaq numunalari goturub o sahalarda duzlarin miqdari oyranilmigdir. 

Muayyan olunmugdur ki, Kur-Araz ovaligimn akin sahalarinda duzlarin miqdari 0,15-0,40% arasinda dayigir. 
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Qkin altinda istifada edilan torpaqlarda duzlarin gostarilan miqdar arasinda dayigmasi bu torpaqlarin §orla§mami§ va 
zaif §orla§mi§ torpaqlar olmasim gostarir. 

1998-ci ilda “LANDSAT-TM” peykindan gakilmig tasvirlarin tahlili asasinda Azarbaycan arazisinin kand tasarrufati 
sahalari elektron xaritasinda akin altinda istifada edilan torpaq sahalarinin (pambiq, taxil, uzumluklar, baglar va s.) 
hamisi Kur-Araz ovaliginin torpaqlarin §orla§ma xaritasinda onlar §orla§mami§ va zaif §orla§mi§ torpaq sahalarina 
aid edilmigdir. Bundan sonra Kur-Araz ovaliginda orta §orla§mi§ torpaq sahalari xaritaya alinmigdir. 


Kur-Araz ovali£i torpaqlarinin jorlajma xarilasi 



§akil 2. 

Xaritadan gorunur ki, Kur-Araz ovaligi arazisinin torpaqlari nazara garpacaq daracada §orla§mi§dir. Ovaligin 
arazisinda yuksak daracada §orla§mi§ va goran torpaqlar Mugan-Salyan elacada §irvan duzunda daha cox tasaduf 
edilir. 

Muayyan edilmigdir ki, 1998-ci ildan kegan 10 il muddat arzinda tadqiqat apardigimiz arazida torpaqlarin gorlagmasi 
bu va digar daracada artmigdir. 

2008-ci ilda “iKONOS” peykindan respublikamizin kosmosdan gakilmig tasvirlarin raqamli tahlili asasinda, yuxarida 
gostardiyimiz usulla Kur-Araz ovaligi torpaqlarin gorlagma xaritasi hazirlanmigdir. 


KOr-Ara* ovaligi torpaqlarin in §orla$ma xaritasi 




§akil 3. 

Kur-Araz ovaligi arazisinda apardigimiz ekoloji yoxlamalarin naticalari gostarir ki, ovaligin torpaqlarinda asas sabab 
kimi hamin arazida gakilmig drenaj, sutoplayici va kollektorlar barbad vaziyyatdadir. Bela ki, bir gox sahalarda onlarin 
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yanlari ugub dagilmig elaca da igarisini qamig va digar su sever bitkilar basmigdir. Ona gora da, hamin sahalarda 
quruntsulari bohran saviyyaya qalxaraq torpaqlarin gorlagmasina sabab olmugdur [3]. 

Qabul edilmig normalara asasan meliorasiya-tikinti qurgularimn istismar muddati 35-40 il nazarda tutulur. Lakin Kur- 
Araz ovaligi arazisinda gakilmig kollektor-drenaj gabakalarinin istismar muddati artiq bir nega ildir ki, baga gatmigdir. 
Odur ki, ovaligin xeyli sahalarinda onlar layihada nazarda tutulan giicda iglaya bilmir va yaxud iglatmak mumkun 
olmur. 

2018-ci ilda “SPOT-6” peykindan gox kanalli gakilmig tasvirlarin tahlili va CMS texnologiyasimn komayi ila Kur-Araz 
ovaligi torpaqlarin gorlagma xaritasi tartib edilmigdir (gakil 4). 


Kur-Araz ovaligi torpaqlannin >*orla>nia xaritasi 



] 5>orla>mami\ va zaif 
>orla>nn> 

I I Orta >orla>mi> 

■i Viiksak sorlasnn> va 
}oran 


2018-ci ilda "SPOT-6" Yerin siini 
peykindan ^akilmi$ tasvirlarin email 
naticasinda CMS texnologiyasimn 
komayi ila tartib edilmigdir 


§akil 4. 


Xaritadan gorunur ki, tadqiqat arazisinda torpaqlarin gorlagma vaziyyati avvalki illara nisbatan artmigdit. Agagida Kur- 
Araz ovaligi arazisinda torpaqlarin gorlagma dinamikasi verilmigdir (cadval). 

Kur-Araz ovaliginda torpaqlarin gorlagma dinamikasi 


Cadval 1 


Ns 

Torpaqlarin gorlagma 
daracasi 

1998 

2008 

2018 

Saha min hektarla 

1 

gorlagmamig va zaif 
gorlagmig 

894,2 

827,5 

783,8 

2 

Orta gorlagmig 

545,1 

576,3 

612,2 

3 

Yiiksak §orla§mi§ 
va §oran 

367,0 

402,5 

410,3 


Cadvaldan gorunur ki, 1998-ci ildan 2008-ci ila kimi 10 il arzinda Kur-Araz ovaliginda orta gorlagmamig torpaqlarin 
sahasi 31,2 min ha, yiiksak gorlagmig va goran torpaq sahalari isa 35,5 min ha, gorlagmamig va zaif gorlagmig 
torpaqlarin sahasi isa 66,7 min hektar azalmigdir [4]. 

1998-ci ildan kegan 20 il mudatinda tadqiqat arazisinda orta gorlagmig torpaqlarin sahasi 67,1 min ha, yiiksak 
gorlagmig va goran torpaq sahalari isa 43,3 min ha artmigdir. Bu illar arzinda gorlagmamig va zaif gorlagmig 
torpaqlarin sahasi 100,4 min ha azalmigdir. 
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Kiir-Araz ovaligi torpaqlarinda §orla§manin getmasinin qargisim almaq va fiziki-kimyavi xassalari pislagmig bu 
torpaqlari galacakda barpa etmak ugun, agagidaki aqrotexniki va aqromeliorativ tadbirlara duzgun riayat etmak 
lazimdir. 

1. Kand tasarrufati sahalarinda kollektor-drenaj gabakasinin axinlarina nazarat edilmali va vaxti-vaxtinda 
onlarin igarisini tamizlamak; 

2. Qkin sahalarinda becarilan bitkilarin mahsuldarligim yuksaltmak ugun novbali akin sistemi tatbiq etmak 
elaca da torpaqda humusun va bagqa qida elementlarinin artmasina garait yaratmaq; 

3. Suvarilan topaqlarda gorlagmaya qargi aqromeliorativ mubariza tadbirlari hazirlayarkan, birinci novbada su 
eroziyasimn potensial tahluka sahalari muayyan edilmali, kigik sahalarda bu hallar proqnozlagdirilmalidir; 

4. Torpagin aktiv tabaqasina duzlarin toplanmasina yol vermamak; 

5. Torpaq mahlulunun konsentrasiyasim bitkilar ugun talab olunan hadda saxlamaqdan otru muvafiq su 
rejimina riayat etmak; 

6. Qrunt sularimn saviyyasinin qalxmamasi ugun akin sahalarina suyu, bitkilarin talabatim elmi 
asaslandirilmig, avvalcadan muayyan edilmig normalar uzra vemak; 

7. Torpaqdan istifada vaxti butun aqromeliorativ va aqronomik qaydalara va onlarin elementlarina amal etmak 
lazimdir. Tahluka sahalari yarandigi vaxt onlara qargi aqromeliorativ tadbirlar aparmaq. 
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“HADOOP KLASTER”-iNiN QURULMASI 

Agayev Kamran 

Azarbaycan Dovlat Neft va sanaye Universiteti. 

Maqala muxtalif manbalardan toplanan malumatlarin saxlamlmasi ugun istifada edilan va “Big Data” muhitinin 
asasim tagkil edan “Hadoop klaster”-inin qurulmasi haqqindadir. Maqalada Linux amaliyyat sistemi qurulmasi, 
gabakasinin tayin edilmasi, 2 node Hadoop klasterinin addim-addim qurulmasi, konfiqurasiya fayllarinin 
tanzimlanmasi, Hadoop Fayl Sisteminin (HDFS) istifadasi va HDFS-da malumatlarin idara edilmasi gostarilir. 

GiRi§ 

Boyuk malumat bazalarimn idara edilmasi ugun malumatlar markazlagdirilmig va rahatliqla geniglana bilan bir fayl 
sistemda saxlamlmalidir. Har nov malumati ozunda saxlayan va heg bir malumat itkisi olmadan geniglana bilan an 
uygun fayl sistemi Hadoop Fayl Sistemidir (HDFS). Xususan internetdaki malumatlarin saxlamlib aragdirilmasi va 
axtarig sistemlarinin suratlandirilmasi ijgun Apache girkati tarafindan ortaya gixan HDFS gox boyuk girkatlarda genig 
gakilda minlarla serverlarda quragdirilib istifada edilir. Klaster gaklinda yaradilmig HDFS rahatliqla geniglana bilinir va 
malumatlar goxsayli repilikasiyalar vasitasila qorunur. Serverlarin sayindan asli olmayaraq butun fayllar vahid bir 
markazlagdirilmig sistemda saxlamlir kimi gorsanir va istanilan serverdan istanilan malumat rahatliqla va paralel 
gakilda oxunub emal edila bilir. 

HDFS-in asas ustunluklari agagidakilardir (1): 

Malumat itkisinin avtomatik tayin edib barpa etma xususiyyati 
Sada va dayamqli modela sahib olmasi 

Malumat emalmin malumatin birbaga yerlagdiyi serverda edilmasi 
Petabaytlarla malumatin asanliqla saxlamlib emal edilmasi 
Agiq qaynaqli koda sahib olub istaya uygun olaraq dayigdirila bilmasi 
Heg bir lisenziya odaniginin olmamasi 

HDFS Arxitekturasi 

HDFS asasan Namenode va Datanode-dan ibarat bir klasterdir. Namenode asasan malumatlarin unvanlarim, 
Datanode isa fayllari ozunda saxlayir. Namenode-da hansi malumatin hansi Datanode-da oldugu barada malumatlar 
vardir. Axtarig zamam muraciat ilk olaraq Namenode-a yonalir, va ordan Datanode-lara yonalib malumat oxunur (2). 
Namenode va Datanode-larin bir-biri ila alaqasi klaster adlamr. Namenode davamli gakilda digar Datanode-larla 
alaqa saxlayib onlarin aktivliyini yoxlayir. Har hansi bir Datanode-un aktiv olmadigi taqdirda onu klasterdan gixarib 
onda yerlagan bloklari digar Datanode-lardan goturub klaster boyunca replikasiya edir. 

Hadoop klasterinin qurulmasi 

Bu maqalada Linux uzarindan VirtualBox istifada etmakla iki node-dan ibarat Hadoop klaster qurulmasi gostarilir. 
Bunun ugun ilk onca Linux amaliyyat sistemini endirmak lazimdir. Man testlarimda Oracle Enterprise Linux (OEL) 
istifada ediram. Bu installation ijgun istanilan Linux distribyutoru istifada edila bilar. OEL endirmak 
ugun http://edilivery.oracle.com sahifasindan istifada eda bilarsiniz. Man testlarimda OEL 7.6 istifada etmigam. 

Linux amaliyyat sistemi endirildikdan sonra VirtualBox endirlib qurulduqdan sonra yeni virtual machine yaradilir. 
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Virtual Machine adi verilir va fayllarmin yaradilmasi iigiin qovluq segilir. Cmaliyyat sisteminin tipi va versiyasi 
segildikdan sonra uygun RAM verilir. 



Yaddag hissasi olaraq VDi (VirtualBox Disk image) segib Next duymasini basing. 
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Oracle Vlvl VirtualBox Manager 
File Machine Help _ 


Create 

Hard di 

If you wi 
create a 
using the 

If you ne 
the chanc 

The recoi 

O Do no 

(•) Create 
O Use 


Create Virtual Hard Disk 


Hard disk file type 

Please choose the type of file that you would like to use for the new virtual 
hard disk. If you do not need to use it with other virtualization software you 
can leave this setting unchanged. 


(•) VDI (VirtualBox Disk Image) 
O VHD (Virtual Hard Disk) 

O VMDK (Virtual Machine Disk) 


Expert Mode | Next Cancel 


nal, 20.00 GB) 


Adapter 1: Intel PRO/1QOQ MT Desktop (Host-only Adapter, 'VirtualBox Host-O 


Yaddag faylimn yaradilmasi ugun uygun qovluq segib olgusunu gostaririk. 

Oracle VM VirtualBox Manager 



Virtual Machine yaradildiqdan sonra endiryimiz Linux installation .iso faylini tamdiriq. 
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9 Oracle VM VirtualBox Manager 



Daha sonra §ebeke konfiqurasiyasim Host-only Adapter olaraq tayin edirik. 


)racle VM VntualBcx Manager 



Sonra virtual machine-i agiriq. Linux amaliyyat sisteminin Software Selection bolumundan “Minimal install” segib sag 
tarafda “Compatibility Libraries”, “Development Tools” and “System Administration Tools” seganaklarini segirik. 
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^ Dracle VM VirtualBox Manager 


F © Hadoop_namenode - Settings 




s 

B 

m 

«o 


& 

a 


General 

System 

Display 

Storage 

Audio 

Network 

Serial Ports 

USB 

Shared Folders 
User Interface 


Storage 


Storage Devices 


Controller: IDE 


O V980739-01.iso 


£l Controller: SATA 

@ Hadoop_namenode.vdi 


X 


Attributes 

Optical Drive: IDE Secondary Master ’ r 
□ Live CD/DVD 

Information 

Type: Image 
Size: 4.26 GB 

Location: CiV’rogramsWQSO/SQ-Ol.iso 
Attached to: - 


<t> <Z 53 


Cancel 


# Network 


§8b8k8 hissssina gslib host-un adim tsyin edirik. Daha sonra Configure diiymasini basib virtual machine itgun ip 
tsyin edirik 


>3 Hadoop.namenode [Running) - Oracle VM VirtualBox 
File Machine View Input Devices Help 



n Ethernet (enp0s3) 

Intel Corporation 82540EM Gigabit Ethernet Controller r 




Ethernet (enp0s3) 

Disconnected 


■ 


Hardware Address 08:00:27AE:3F:B8 
Speed 1000 Mb/s 


+ 

- 


Configure... 


Host name: 


name node 


Apply 


Current host name: name node 


QOtL #£3 0(9 si “shrew 

ip-192.168.56.100 
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Netmask-255.255.255.0 

Hadoopjiamenode (Running] - Oracle VM VirtualBox 
File Machine View Input Devices Help 


Connection name: enpOs3 


Editing enpOs3 




General Ethernet 802. IX Security DCB Proxy IPv4 Settings 


Method: Manual 


□ 


X 



IPv6 Settings 


Addresses 


, Address Netmask Gateway 

Add 

192.168.56.100 255.255.255.0 

1 



Delete 



DNS servers: 
Search domains: 


Require IPv4 addressing for this connection to complete 


Cancel Save 

boh gsGioesiftfr’m 


§abaka konfiqurasiyasi bitdikssn sonra installation baglayir. installation bitdikdan sonra amaliyyat sistemina root 
istifadagisi ila daxil oluruq. “nmtui” proqrami vasitasila gabaka karti hissasina daxil oluruq 

Hadoop_namenode {Running] - Oracle VM VirtualBox — □ X 



Burdan iP va digar parametrlari rahatliqla dayiga bilarik. Biz “Edit connection” hissasindan uygun gabaka kartina daxil 
olub “Automatically connect” segib proqramdan gixiriq. 
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k£| Hadoop_namenode [Running] - Oracle VM VirtualBox — □ X 

File Machine View Input Devices Help 



Daha sonra /etc/hosts faylina uygun dayigikliyi ediirk 
192.168.56.100 namenode namenode 

Hadoop_namenode [Running] - Oracle VM VirtualBox — □ X 

File Machine View Input Devices Help 


CrootPnamenode ~ lit ip addr show 

l: lo: <L00PBACK,UP,L0WER_UP> mtu 65536 qdisc noqueue state UMKM0WN group default qlen 1000 
link/loopback 00:00:00:00:00:00 brd 00:00:00:00:00:00 
inet 1Z7.0.0.1/8 scope host lo 

valid_lft forever preferred_lft forever 
inet6 ::1/1Z8 scope host 

valid lft forever preferred 1ft forever 

2: enp0s3: <BROADCAST,MULTICAST,UP,LOWER UP> mtu 1500 qdisc pfifo_fast state UP group default qlen 1 
000 

link/ether 00:00:Z?:ae:3f:b0 brd ff:ff:ff:ff:ff:ff 

inet 19Z.168.56.100/Z4 brd 19Z.168.56.Z55 scope global noprefixroute enp8s3 
valid_lft forever preferred_lft forever 
inet6 fe80::4Zcl:6d07:bZe0:7391/64 scope link noprefixroute 
valid_lft forever preferred_lft forever 
I rootHnamenode ~ Jit 


Smaliyyat sistemina daxil olub “ip addr show” amrini galigdirib tayin etdiyimiz iP-ni gora bilarik 

Sonra, SELinux funksionalligim sondururuk. Bunun iigun /etc/selinux/config faylini agagidaki kimi dayigirik. Bu fayl 

dayigdikdan sonra sistem sondurulub yandirilmalidir 
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gp root@namenode:~ — □ X 


# This file controls the state of SELinux on the system. 

# SELINUX= can take one of these three values: 

# enforcing - SELinux security policy is enforced. 

# permissive - SELinux prints warnings instead of enforcing. 

# disabled - No SELinux policy is loaded. 
gELINUX=disabled 

# SELINUXTYPE= can take one of three values: 

# targeted - Targeted processes are protected, 

# minimum - Modification of targeted policy. Only selected processes are pro 
tected. 

# mis - Multi Level Security protection. 

SELINUXTYPE=targeted 


Smsiiyyat sisteminin konfiqurasiya iglari bitdikdan sonra Java va Hadoop proqram taminatlarmi endiririk. Java-ni 
endirmak iigun agagidaki sahifaya daxil olmaq lazimdir: 

https://www.oracle.com/technetwork/java/javase/downloads/jdk8-downloads-2133151 .html 

Agagidaki fayli endiririk: 

jdk-8u211 -Iinux-i586.rpm 

Hadoop-u agagidaki unvandan endiririk 

https://hadoop.apache.org/releases.html 

Daha sonra har iki fayli WinSCP proqrami vasitaasila virtual machine-a aitiriq. WinSCP proqramim endirmak ugun 

agagidaki unvandan istifada etmak olar. 

https://winscp.net/eng/download.php 

Proqram taminatim galigdirib az onca tayin etdiyimiz iP vasitasila Linux amaliyyat sistmeina qoguluruq. 

Login — □ X 



Session 




File protocol: 




SFTP 




Host name: 



Port number: 

192.168.56.100 

22 " 

User name: 


Password: 


root 



Save 


Advanced.. 


Kl 


Login ▼ 


Close 


Help 


Va daha sonra fayllari /tmp qovluguna kogururuk. 
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Local Mark Files Commands Session Options Remote Help 


Synchronize m& a & Queue » Transfer Settings Default ” ® * 

9 rootei92.168.56.100 Q NewSesaon 

_ci««iorrt • s e *• - si a ® 2f imp • s is *■ • a a ii) a ia RmiFte ^ 


jp Upload • * £<M • X ii Pmpa rt w* '1 Ne» - - 0 Y 


a Naw- a V 


C:\Programs\Hadoop 'nstallation 

Name Size Type 

.. Parent directory 

hadoop 3.1-2.tar.gz 324.643 K8 GZ File 

jdk-8u201 -lmu»-*64.r... 172.080 K8 RPM File 


Amp/ 

Changed 

Name 

26-May-2019 12:3118 P... 


03 May-2019 4:4144 PM 

systemd-private-5114... 

22% Uploading 

? X~ 1 

rjsl He: C:\...'hodooplnstalatonViadoop-3.J-2.tar.gz 

Target: /Imp/ 



Tine left 

0:00:09 Tone elapsed: 0:00:02 

Bytes transferred: 

108 MB Speed: 41.3MB/S 


it * . 

’ ©Unlimited 


Size Changed 

27-Mey-l9 9 48: >8 AM 
27M*y-19 948:38 AM 
1 KB 27-May-19 9.41:25 AM 
0 KB 27-M»y-19 934:25 AM 


Rights 

r-M-M-x 

•W*. 

fWX-. 


Owner 

root 

root 

root 

root 


tmp qovluguna kegib rpm -Uvh omrini galigdirib Java-m qururuq 

root©namenode:~ — □ X 


[root@namenode ~]* which Java 

/usr/bin/which: no java in (/usr/local/3bin:/usr/local/bin:/usr/3bin:/u3r/bin:/r 
oot/bin) 

[rootSnanenode -]# Is -ltr /tmp/ 
total 496728 


-rw-r—r— 1 root root 176209195 Jan 16 00:55 jdk-8u201-linux-x64.rpm 
-rw-r—r— 1 root root 332433589 May 8 08:43 hadoop-3.1.2.tar.gz 

-rw-. 1 root root 0 May 27 01:34 yum. log 

-rwx-. 1 root root 836 May 27 01:41 ks-script-yb3xt8 

drwx- 3 root root 17 May 27 01:48 systemd-private-5--447e' 

752c7f84cb4b8c0-chronyd.service-KLAExB 


[root@namenode ~]t rpm -Uvh /tmp/jdk-8u201-linux-x64.rpm 

warning: /tmp/ jdlc-8u201-linux-x64. rpm: Header V3 RSA/SHA256 Signature, key ID ec5 
51f03: NOKEY 

Preparing... ********************************* [100%] 

Updating / installing... 

1:jdkl.8-2000:1.8.0_201-fcs f******************************** [100%] 

Unpacking JAR files... 
tools.jar... 
plugin.jar... 
javaws.jar... 
deploy.jar... 
rt.jar... 
jsse.jar... 
charsets.jar... 
localedata.jar... 

[root@namenode -]# which java 
/usr/bin/java 
[root@namenode -]# | 


Sonra Hadoop-u yuklayirik. Man adatan hadoop-u /usr/local qovluguna yuklayiram. Endirdyinz zip faylini bu qovluga 
da§iyib fayli agiriq 
tar xzvf hadoop-3.1.2.tar.gz 
mv hadoop-3.1.2 hadoop 

Yeni hadoop istifadagisi yaradib parolunu tayin edirik va qovlugun sahibini dayigirik 

useradd hadoop 

passwd hadoop 

chown -R hadoop hadoop 

Sonra, java-nm yerlagdiyi qovlugu tapib onu hadoop-env.sh faylinda tayin edirik (3) 
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readlink -f /usr/bin/java | sed "s:bin/java: 

/usr/java/jdkl ,8.0_201 -amd64/jre/ 

Yuxaridaki naticani hadoop-env.sh faylindaki export JAVA_HOME hissasina qoyuruq: 
export JAVA_HOME= /usr/java/jdkl .8.0_201 -amd64/jre/ 

9gar sizin virtual machine-da internet baglanti varsa, o zaman biza lazim olaln proqramlari rahatliqla yuklaya 
bilarsiniz. 0gar internet baglantisi yoxdursa, o zaman Linux .iso faylim bir daha mount edib yum-un repository-sini 
dayigirik va proqramlari yuklayirik 
mkdir /media/cdrom 
mount /dev/cdrom /media/cdrom/ 
cd /etc/yum.repos.d 
mkdir /tmp/old.yum. repos, d 
mv * /tmp/old.yum.repos.d 
cat < ol7.repo 
[OL7] 

name=Oracle Linux 7 

baseurl=file:///media//cdrom 

gpgkey=file:///etc/pki/rpm-gpg/RPM-GPG-KEY 

gpgcheck=1 

enabled=1 

EOF 

Hadoop ila galacakda galigmagimiz ugun lazim olacaq bazi application-lar yuklanilir. Bu application-lar asasan bazi 

konfiqurasiya iglarinda biza lazim ola bilar. 

yum install -y wget httpd bind-utils net-tools mlocate 

Daha sonra hadoop istifadagisinin parol sorugmadan digar hostlara daxil ola bilmasi ugun authorized_keys fayli 
yaradilib uygun hostlarla paylagilir. Bu halda ancaq bu host-dan ssh baglantli galsa, parolsuz sistema daxil edilmasi 
tamin edilir. 

ssh-keygen -t rsa -P " -f ~/.ssh/id_rsa 

cat ~/.ssh/id_rsa.pub » ~/.ssh/authorized_keys 

chmod 0600 ~/.ssh/authorized_keys 

Daha sonra firewall durdurulub sondurulur. Production muhitinda firewall-u durdurmaq maslahatli deyil. aksina orda 
bazi qaydalar tayin edib onu agiq saxlamaq lazimdir 
systemctl stop firewalld 
systemctl disable firewalld 

Daha sonra hadoop istifadagisi ugun Hadoop-dan istifada etmasina gora .bashrc faylinda miihit dayigkanlari tayin 
edilir 

su - hadoop 
vi .bashrc 

export HADOOP_HOME=/usr/local/hadoop 

export HADOOP_CONF_DIR=/usr/local/hadoop/etc/hadoop 

export HDFS_NAMENODE_USER="hadoop" 

export HDFS_DATANODE_USER="hadoop" 

export HADOOP_COMMON_HOME=$HADOOP_HOME 

export HADOOP_HDFS_HOME=$HADOOP_HOME 

export YARN_RESOURCEMANAGER_USER="hadoop" 

export YARN_NODEMANAGER_USER="hadoop" 

export PATH=$HADOOP_HOME/bin:$HADOOP_HOME/sbin:$PATH 

Sonra Hadoop-un $HADOOP_CONF_DIR qovlugunda bazi .xml konfiqurasiya fayllari dayigdirilir 
core-site.xml 

<property> 

<name>fs.default.name</name> 

<value>hdfs://namenode:9000</value> 

</property> 

Daha sonra namenode va datanode malumatlarim ozunda saxlayacaq birqovluq yaradilir va hdfs-site.xml fayli ona 
uygun olaraq dayigdirilir (4): 

[root@hadoop /]# mkdir /hdfs 
[root@hadoop /]# chown -R hadoop hdfs 
hdfs-site.xml 
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<configuration> 

<property> 

<name>dfs.replication</name> 

<value>1</value> 

</property> 

<property> 

<name>dfs.permission</name> 

<value>false</value> 

</property> 

<property> 

<name>dfs.namenode.name.dir</name> 

<value>/hdfs/namenode</value> 

</property> 

<property> 

<name>dfs.datanode.data.dir</name> 

<value>/hdfs/datanode</value> 

</property> 

</configuration> 

mapred-site.xml fayli agagidaki kimi dayigdirilir: 

<configuration> 

<property> 

<name>mapreduce.framework. name</name> 

<value>yarn</value> 

</property> 

</configuration> 

yarn-site.xml fayli agagidaki kimi deyigdirilir: 

<configuration> 

<property> 

<name>yarn.nodemanager.aux-services</name> 

<value>mapreduce_shuffle</value> 

</property> 

</configuration> 

Sonra namenode format edilir ve /hdfs qovlugunun altinda hdfs metadata-m ozunde saxlayacaq namenode qovlugu 
yaradilir 

[hadoop@hadoop ~]$ hdfs namenode -format 
[hadoop@namenode ~]$ cd /hdfs 
[hadoop@namenode hdfs]$ Is 
namenode 

[hadoop@namenode hdfs]$ 

Daha sonra namenode ve datanode proseslerini baglatmaq ugun start-dfs.sh scripti galigdirilir: 

[hadoop@namenode hdfs]$ start-dfs.sh 
Starting namenodes on [namenode] 

Starting datanodes 

localhost: Warning: Permanently added 'localhost' (ECDSA) to the list of known hosts. 

Starting secondary namenodes [namenode] 

Sonra aktiv galigan java proseslerinin siyahisim almaq ugun jps emri galigdirilir: 

[hadoop@namenode hdfs]$ jps 
20531 DataNode 
20422 NameNode 
21208 Jps 

20715 SecondaryNameNode 
[hadoop@namenode hdfs]$ 

Gorunduyu kimi namenode ve datanode prosesleri aktivdir (5). HDFS sistemi barede daha detalli melumat ve 
statistika aide etmek ugun agagidaki emri galigdiririq: 

[hadoop@namenode hdfs]$ hdfs dfsadmin -report 
Configured Capacity: 27899465728 (25.98 GB) 

Present Capacity: 24066150400 (22.41 GB) 

DFS Remaining: 24066146304 (22.41 GB) 

DFS Used: 4096 (4 KB) 

DFS Used%: 0.00% 

1-ci Beynelxalq Elmi-Praktik Konfrans: 
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Replicated Blocks: 

Under replicated blocks: 0 

Blocks with corrupt replicas: 0 
Missing blocks: 0 

Missing blocks (with replication factor 1): 0 
Low redundancy blocks with highest priority to recover: 0 
Pending deletion blocks: 0 
Erasure Coded Block Groups: 

Low redundancy block groups: 0 

Block groups with corrupt internal blocks: 0 

Missing block groups: 0 

Low redundancy blocks with highest priority to recover: 0 
Pending deletion blocks: 0 


Live datanodes (1): 

Name: 192.168.56.100:9866 (namenode) 

Hostname: namenode 

Decommission Status : Normal 

Configured Capacity: 27899465728 (25.98 GB) 

DFS Used: 4096 (4 KB) 

Non DFS Used: 3833315328 (3.57 GB) 

DFS Remaining: 24066146304 (22.41 GB) 

DFS Used%: 0.00% 

DFS Remaining%: 86.26% 

Configured Cache Capacity: 0 (0 B) 

Cache Used: 0 (0 B) 

Cache Remaining: 0 (0 B) 

Cache Used%: 100.00% 

Cache Remaining%: 0.00% 

Xceivers: 1 

Last contact: Mon May 27 06:53:40 EDT 2019 
Last Block Report: Mon May 27 06:46:31 EDT 2019 
Num of Blocks: 0 

Burdan gorunduyu kimi bizim bir aktiv node-umuz var. HDFS-in umumi hecmi 25.98G, bog yer 22.4G-dir. HDFS ugun 
/hdfs qovlugu teyin edildiyine gore eyni reqemleri du -kh emrini galigdiraraq da gore bilerik (6): 

[root@namenode -]# df -kh 

Filesystem Size Used Avail Use% Mounted on 
/dev/mapper/ol-root 26G 3.6G 23G 14% / 

[root@namenode -]# 

HDFS iglek veziyyetde olduqdan sonra orda istediyimiz qovlugu yaradib istenilen fayllari ora kogure bilerik. Agagidaki 
misalda mystorage adinda qovluq yaradib ora core-site.xml faylim kogurduruk (7): 

[hadoop@namenode hdfs]$ hdfs dfs -mkdir/mystorage 

[hadoop@namenode hdfs]$ hdfs dfs -put /usr/local/hadoop/etc/hadoop/core-site.xml /mystorage 
[hadoop@namenode hdfs]$ hdfs dfs -Is /mystorage 
Found 1 items 

-rw-r-r- 1 hadoop supergroup 862 2019-05-27 06:55 /mystorage/core-site.xml 
[hadoop@namenode hdfs]$ 

Namenode hazir olduqdan sonra gelin ikinci node-u da datanode olaraq Hadoop klasterina elave edek. Bunun ugun 
namenode hostunu sondurub onun nusxasini gixaririrq. Bunun ugun VirtualBox-da virtual machine uzarinda sag 
duymeni basib Clone menusunu sege bilerik. 

Clone bitdikden sonra virtual machine agiriq. Gmeliyyat sistemine daxil olub nmtui proqrami vasitasile iP-ni 
192.168.56.101 olaraq, host-un adim datanode olaraq deyigirik. Daha sonra birinci host-u (namenode) agib 
/etc/hosts faylina datanode barada melumati elave edirik ve onu datanode hostuna da kogurduruk. 
root@namenode -]# more /etc/hosts 

192.168.56.100 namenode namenode 

192.168.56.101 datanode datanode 

[root@namenode -]# scp /etc/hosts datanode:/etc 

hadoop istifadegisi ile namenode-dan datanode-a ssh etdikde parolun sorugulmadigina emin olmaq lazimdir. Sonra 
datanode-a kegib /hdfs qovlugunu temizleyirik vs datanode-u bagladiriq 
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rm -rf /hdfs/* 

hadoop-daemon.sh start datanode 

Va namenode-dan sistem barada novbati malumati aliriq. Natica olaraq datanode-un alava edildiyini va HDFS 
yadda§ hissasinin iki data artigmi gormu§ olacagiq (8): 

[hadoop@namenode ~]$ hdfs dfsadmin -report 
Configured Capacity: 55798931456 (51.97 GB) 

Present Capacity: 48102322176 (44.80 GB) 

DFS Remaining: 48102301696 (44.80 GB) 

DFS Used: 20480 (20 KB) 

DFS Used%: 0.00% 

Replicated Blocks: 

Under replicated blocks: 0 
Blocks with corrupt replicas: 0 
Missing blocks: 0 

Missing blocks (with replication factor 1): 0 
Low redundancy blocks with highest priority to recover: 0 
Pending deletion blocks: 0 
Erasure Coded Block Groups: 

Low redundancy block groups: 0 

Block groups with corrupt internal blocks: 0 

Missing block groups: 0 

Low redundancy blocks with highest priority to recover: 0 
Pending deletion blocks: 0 


Live datanodes (2): 

Name: 192.168.56.100:9866 (namenode) 

Hostname: namenode 

Decommission Status : Normal 

Configured Capacity: 27899465728 (25.98 GB) 

DFS Used: 16384 (16 KB) 

Non DFS Used: 3833569280 (3.57 GB) 

DFS Remaining: 24065880064 (22.41 GB) 

DFS Used%: 0.00% 

DFS Remaining%: 86.26% 

Configured Cache Capacity: 0 (0 B) 

Cache Used: 0 (0 B) 

Cache Remaining: 0 (0 B) 

Cache Used%: 100.00% 

Cache Remaining%: 0.00% 

Xceivers: 1 

Last contact: Mon May 27 07:14:49 EDT 2019 
Last Block Report: Mon May 27 07:14:17 EDT 2019 
Num of Blocks: 1 

Name: 192.168.56.101:9866 (datanode) 

Hostname: datanode 

Decommission Status : Normal 

Configured Capacity: 27899465728 (25.98 GB) 

DFS Used: 4096 (4 KB) 

Non DFS Used: 3863040000 (3.60 GB) 

DFS Remaining: 24036421632 (22.39 GB) 

DFS Used%: 0.00% 

DFS Remaining%: 86.15% 

Configured Cache Capacity: 0 (0 B) 

Cache Used: 0 (0 B) 

Cache Remaining: 0 (0 B) 

Cache Used%: 100.00% 

Cache Remaining%: 0.00% 

1-ci Beynelxalq Elmi-Praktik Konfrans: 
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Xceivers: 1 

Last contact: Mon May 27 07:14:49 EDT 2019 
Last Block Report: Mon May 27 07:14:14 EDT 2019 
Num of Blocks: 0 

[hadoop@namenode ~]$ 

Bu molumati daha oxunaqli formada qrafik olaraq agagidaki linkdon alda etmek mumkundur: 
http://192.168.56.100:9870/ 
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N0TIC0 

Hadoop ekosistemi Apache Foundation girkatina aiddir vo gox boyuk hocmdo molumatlarin saxlamlib emal edilmesi 
ugun istifado edilir. HDFS vasitasilo Petabaytlarla olgiilan molumatlari minlarle serverlarin va yaddag hissalarin klister 
gaklinda vahid idaragiliyi ilia saxlayib emal etmak mumkundur. Heg bir lisenziya talab etmayan va xiisusan da ucuz 
server va komputerlarda rahatliqla galigan Hadoop ekosisteminin qurulmasi va istifadasi da olduqca rahatdir. Muxtalif 
marhalali replikasiyaya sahib olan HDFS malumatlari qoruyub zadalanmig malumatlari digar nusxalardan tapib 
avtomatik barpa edir. 
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BbmBJIEHME OrPAHEHHbIX HAHOOCTPOBKOB nPM OBJIYHEHHM B 
TEPM03J1EKTPMHECKMX MATEPMAJ1AX HA OCHOBE BI 2 TE 3 

Ha6neBa Cennpa 

l/lHCTmyT cjDM3MKM AKaAeiwnn HayK A3ep6anA>i<aHa, r. BaKy, A3ep6aPifl>KaH 

PE3K3ME 

MeTOflOM ACM HaMM paccMOTpeHbi noBepxHOCTM (0001) KpncTannoB A V 2B VI 3 ao m nocne o6nyHeHnn, c 
KOT opbiMM CBa3aHbi o6pa30BaHnn MexrcnoeBbix HaHO-cipyKTyp, npnpoAa orpaHeHHbix HO. M3yneHa 
cfipaKTajibHOCTb o6pa3y(OLnnxcfl HaHO-o6teKTbi, b pa3iiMHHbix Macmia6ax npuBOA^Lnaa k o6pa30BaHMio HaHO- 
OCTpOBKOB. 

K/ihoneBbie cnoBa; orpaHeHHbie HaHO-ocTpoBKM, cfcpaKTanbHOCTb, nopbi. 


BBEflEHME 

LUnpoKaa KOHqenpua TepMoaneKTpnnecKnx MaiepnaaoB Ha ocHOBe Bi2Te3 Bbiflenaeica He ranbKO AecfieKTHOCTbio 
CTpyKTypbl , a TaiOKe npaKTMHeCKM Ba>KHblMM 43M3MKO-XMMMHeCKHMM CBOMCTBaMM. 06b>eMHbie Ae<t> eKTbl ■ HapyiiieHMH 
cipyKTypbi, BKJiK)HaK)LAne b ce6n MaKpocKonnHecKne accounaunn ToneHHbix Aect> eKT0B (nopbi, nycTOTbi, BKmoHeHnn 
rpynnnpoBOK HacTMq APyron <£a3bi, KpMCTannMHecKne BKmoHeHnn rpynnnpoBOK 06pa30BaHne AsebeKTOB - ara 
peaKAMH KpHCTaAAOB Ha BHeLUHMe B03AeMCTBHH.M3AO>KeHMe CfjaKTbl npMHaCTHbl K CfDOpMMpOBaHMIO 
Me>KcaoeBbix HaHO o6b.eKTOB. TaxoBbiM m npe>KAe Bcero MoryT 6biTb nopbi, MaxpociyneHH n HaHO-ocipoBKH hto 
noATBep>KAaeTCH npnBeAeHHbiMn HaHO-ocTpoBKM, HaHO-Hmu, HaHO-CTyneHM n rocfcpnpoBaHHbie CTpyKTypbl, 
AHCJiOKapMOHHbie pempbi MrpaioT onpeAenniOLAyio KBaHTOBO-MexaHMHecKyio ponb npn jiOKaon3aAMn m nepeAane 
3apaAa n Tenna b caoHCTbix KpncTannax TnnaA2 l/ B3 w . CneAyeT OTMeimb, hto Bee HaHO-o6pa30BaHna: HO, 
Teppacbi amenoHOB, AHcnoKapMOHHbie penbecfibi, ccfiopMnpoBaHHbie Mex<Ay KBMHTeTaMn hbjihiotch nacTbio 
noBepxHOCTM (0001), T.e. ohm npeACTaBnniOT co6om BepTMKanbHO Bbipocwne MexrcnoeBbie HaHO-o6teKTbi Ha 
6a30B0M naocKOCTM. Lleob ashhom CTaTbM 3aKmoHaiiacb b ycTaHOBneHnn b MOAenn pocia nneHOK c yneraM 
KoaoecpeHAMM m opMeHTapMM octpobkob, npnBOAn lash k Hanany co3AaHmo 3aMKHyTOM KOHpenpMM aioro HBneHnn. 

KoanecLieHMMB b Me>KcnoHX cwcTeMA v 2 B V7 3-npmviecb 

CnOC06bl CJ1MHHMH OCTpOBKOB HOBOM <£a3bl Ha nOAHO>KKe AHH npOCTOTbl 06blHHO CBOAMTCHT K AByM OCHOBHbIM BMAS 

m: >KMAKonoAo6HOMy (xax Aee Kannn >kmakoctm) TBepAOi£a3HOMy (xax npMnnnaHne Aeyx TBepAbix Ten). 

OcHOBHaa npo6nei\/ia b TeopeTMHecKOM onncaHMn m KoanecpeHUMM (camhhmh) octpobkob 3aKJilonaeTcn m b HennHen 
hoctm m Aa>xe HejiOKajibHOCTM AaHHoro npopecca b npocTpaHCTBe pa3MepoB. npn pocTe nneHOK HexoTopbix wiaTepn 
anoB KoanecpeHAMH npMBOAMT k nepKonnunoHHOMy nepexoAy. Ha ctbamm KoanecpeHAMM cfropivinpyeTCH CTpyKTypap 
acTyiAePi nneHKM, noaTOMy, ynpaBJiaa KoanecpeHunen, mo>kho ynpaBOHTb mpyKTypon m HexoTopbiMM CBOMCTBaMM h 
aHOCTpyKTyMpOBaHHbIX KpMCTaAAOB. HaHOOCTpOBKM B A2 v B3 VI MOryT 6blTb BblHBJieHbl MeTOAOM CKaHMpyiOLAGM 
aTOMHO-CMTIOBOM MMKpOCKOnMeM. 

OKcnepMMeHTanbHbie pe3yxibTaTbi m mx o6cy>KAeHMe. 

PeHTreH An<t>paKTOMeTpMHecKne MCcneAOBaHMH noBepxHOCTM (0001) npoBOAMOMCb Ha An<t>paKTOMeTpe cfcnpMbi 
Philips Panalytical (XRD). L(enecoo6pa3HO k nopaM BA^B^'-Je OTHOCMTb o6teMHbie hgoahopoahoctm - 
TpexMepHbie CKonneHnn BaKaHcnn (nivieiOLAnecH b AOCTaTOHHOM KonnnecTBe b 

Bi2 Te3. XMMMnecKMe KOMnoHeHTbi, m 3 Korapbix o6pa3yeTca octpobok <$>a3bi, MoryT AncfictiyHAnpoBaTb k HeMy 
pa3J1MHHblMM nyTHMM. OAMH M3 KOMnOHeHTOB MO>KeT nOCTynaTb Ha nOBepXHOCTb OCTpOBKa nOCpeACTBOM 
noBepxHOCTHOM An4D(t)y3MM, a APyroM -3a cneT An<t)ct>y3nn b ra30Bon <£a3e. B cnynae pocTa octpobkob Ha 
Me>KciioeBOM noBepxHOCTM CKopocTb mx onpeAenaeTca MHTeHCMBHOCTbio noABOAa BeiAecTBa m MHTeHCMBHOCTbio 
OTBOAa Tenna ot mx noBepxHOCTM.M3nox<eHHoe noATBepx<ASHO ACM- M3o6pax<eHMHMM b 2D- MacmTa6e 
noBepxHOCTM cf3a3bi b Bi2Te3.CpaBHMBan MopcfionorMio noBepxHOCTM 4ia3 cocTaBnniOLAMX aBTeKTMKy Bi2Te3-Te ao 
m nocne o6nyHeHMnnornoiAeHHOM A03bi 30 MpaA, Ha btopom pMcyHKe Ha3B3HHbix npopeccoB MoryT Taioxe 

npOMCXOAMTb B33MMHbie CTOAKHOBeHMa OCTpOBKOB, COnpOBOKAaiOLAMeCH MX AH(£ctiy3MOHHblM CnMHHMeM. 
OKcnepMMeHTbi no pocTy HaHOo6teKTOB noKa3biBaiOT, hto c^opivia 3apoAbiineM Ha noBepxHOCTM MeHneTcn b 
npopecce mx pocTa. OHa om6o orpaHneTcn, am6o, Hao6opoT, CTaHOBMTcn HeycTOMHMBOM. OrpaHeHHbie HaHO- 
cfiparMeHTbi cfiopiviMpyiOTCH npn MHTepKannpMM aTOMOB Ha nOBepXHOCTb (0001) cnoMCTbix KpMCTannoB. B ycnoBMnx 
AMCnaKapMOHHOM AHC(x}}y3MM npOMCXOAMT POCT OCTPOBKOB Ha CT3AMM OCBanbAOBCKOTO C03peBaHMH. B npopecce 
OTpbiBa ot AHcnoKapMM ocTpoBKM b npopecce co3peBaHMn HanMHaiOT orpaHHTbcn rpaHHMM. no Mepe pocTa cJaopMbi 
orpaHKM CKopocTb 3HanMTenbHO yMeHbLuaeTCH. 06nyneHMe, KaK bmaho m3 pmc. 2 a, iweHneT 4ia30BbiM cocTaB, hto 
CBH3biBaeTCH c ottokom paAMapMOHHbix AecfieKTOB no Mex«£a3HbiM rpaHMpaM pa3Aen 
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PucyHOK 1. CcfiopMMpoBaHHbie HaHOOdpoBKM b wieciax 3apo>KfleHMH nop Ha noBepxHOc™ (0001) Bi2Te3 



PnyHOK 2. CcfiopMMpoBaHMe orpaHeHHbix HaHOOCTpoBKOB Ha noBepxHOCTH (0001) Bi2Te3 nocae o6ayHeHna 30 
Mpafl. 

3AKJ1K5HEHME 

I/I 3 o6lmmx coo6pa>KeHMM cneflyeT, hto nofl bjimhhm6m paAMapMOHHbix AecfieKTOB HaHO-cipyKTypa MOweT jim6o 
aMop43M3npoBaTbca, jim6o, Hao6opoT, cnoco6cTBOBaib yAaneHmo Ae<t> eKT0B 6naroAapa HariMHmo 
MHoroHHcaeHHbix noBepxHOdeM pa3Aeaa. MexaHH3Mbi cfiopMMpoBaHMH HO Ha noBepxHOCTH (0001) Bi2Te3 Ha 
CT3AHH OCTBaabAOBCKOrO C03peBaHMH, 3T0 MOAejlb Ana M3yH6HMfl npOpeCCOB CflOpMHpOBaHMH CaMO- 
opraHM30BaHHbix HaHO-o6beKTOB Ha noBepxHOCTH (0001) caoMCTbix cipyKTyp.MHTepec k MCcaeAOBaHmo 
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4}M3MHecKnx npopeccoB b MewcnoeBbix ocTpoBKOBbix cucTeMax noflflep>KMBaeTca maBHbiM o6pa30M TeM 
06CT0aTenbCTB0M, HTO OHM HBOHIOTCfl MCTOHHMKOM Ba>KHOM MHCflOpMapMM O XapaKTepe B3aMMOAeMCTBMH Me>Kfly 
aTOMaMM, MMrpMpyKDiuMMM no noBepxHOCTM (0001) KpMCTarma m aneivieHTaMM peaabHOM cipyKTypbi naTTepHOB-nop. 
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QOXMEYARLI Q0RAR Q0BULETM0D0 QEYRI S0LIS VERIL0NL0R0 
0SASLANAN TOPSIS USULU 

L.A.Qardagova 1 , Y.M.Hasanova 2 

Azarbaycan Dovlat Neft va Sanaye Universiteti. (Azarbaycan) 

2 Azarbaycan Dovlat Neft va Sanaye Universiteti. (Azarbaycan) 

E-mail: ^atshamtSyandex.ru; 2 y-hesenova@mail.ru 


XULAS0 

Bu maqalada qeyri salis adadlara asaslanan gox meyarli qarar qabuletma problemi ugun TOPSIS metodunu taklif 
edirik. Gunumuzda qeyri-muayyan va imperfekt informasiyalarla bagli gox meyarli qarar qabuletma problemina 
muxtalif yanagmalar movcuddur. Bu baximdan, qeyri salis adadlara asaslanan TOPSIS iisulu effektiv metoddur. 
Taqdim olunan metod segim masalasina tatbiq edilmigdir. Maqalada hesablamalar qeyri salis adadlar uzarinda 
amaliyyatlar aparmaga imkan veran proqram paketi vasitasila hayata kegirilmigdir. Alinan naticalar taklif olunan 
yanagmamn etibarliligim gostarir. 

Agar sozlar: qeyri-salis TOPSIS, goxmeyarli qarar qabuletma, alternativ, kriteriya, miisbat va manfi ideal hall. 

GIRI§ 

Qoxmeyarli qarar qabuletma muxtalif tip qeyri muayyanlikla saciyyalanan tadqiqat sahasidir. Bela qeyri- 
muayyanliklardan biri informasiyamn qeyri-daqiqliyindan irali galan qeyri-salis qeyri-muayyanlikdir [1, 2]. Burada 
qeyri-salis goxluqlarin muxtalif tiplarina baxilir, Masalan, mutanasib taraddudlu qeyri salis goxluqlar. Bu iglarda 
movcud usullarin birga ustunluklarini nazara almaq imkam qisman ifada olunub. TOPSIS iisulu ELECTRE iisulunun 
alternativi olub bir nega iisulun imkanlarim ozunda saxlayir. Qox kriteriyali qarar qabuletma masalasinda an effektiv 
usul TOPSIS (The Technique for Order of Preference by Similarity to Ideal Solution) hesab olunur. Bu metod ela 
qarar qabuletma iisuludur ki, burada segilmig alternativ miisbat ideal halla an yaxin, manfi ideal halla isa an uzun 
masafada olsun. TOPSIS usulunun asas ustiinluyii sadaliyi, rasionalligi, asan baga dugulmasi va samarali 
hesablama iisulu ila har bir alternativ iigiin nisbi gostaricilarin olgiilmasidir [3, 4], Elmi adabiyyatlarda real 
vaziyyatlara istinad edan sada adadi misallar bu metodun komayila hall edilmig va miixtalif sahalar ugiin oz aksini 
tapmigdir. [5]-da miiassisanin daxili nazarat sisteminda an yaxgi igginin segilmasi probleminin TOPSIS metoduna 
asaslanan qarari dastaklama sistemi vasitasila tapilmasi verilmigdir. Bu segim adatan direktor va ya menecer 
tarafindan edilir. TOPSIS iisulu ila qeyri salis miihitda qrup qarar qabuletma masalasi effektiv hayata kegirilir [6], Real 
hayatda goxmeyarli qarar qabuletma ila alaqadar olan qeyri-daqiq informasiyali problemlari hall etmak iigiin linqvistik 
dayiganlari miixtalif iisullarla tasvir etmaya cahd edilir [7,8]. Bu maqalada maqsad qeyri-salis TOPSIS iisulundan 
istifada ila segim masalasini hall etmakdir. 

Maqalanin strukturu bu formadadir: 2-ci hissada maqalada istifada olunmug asas tariflar verilmigdir. 3-cii hissada 
masalanin qoyulugu va TOPSIS metodunun marhalalari gostarilmigdir. 4-cii bolmada isa masalanin kompiiter 
simulyasiyasi, 5-ci bolmada natica verilmigdir. 

T0RiFL0R 

Bu bolmada qeyri salis adadlar va onlar uzarinda amaliyyatlara aid asas tariflar verilmigdir. 

Tarif 1. Qeyri salis adad [8]. Haqiqi adad duz xattinda tayin edilmig qeyri -salis A adadi mansubiyyat funksiyasi 
jU A : R —> [0,l] olan qabariq, normal, dagiyicisi mahdud qeyri-salis goxluqdur va onun har bir OC e (0,l] ugun a - 
kasiyi qapali intervaldir. Qeyri -salis A adadi agagidaki kimi simvolik tasvir edilir: 

A = I rJ u a (x)/x (1) 


Tarif 2. Qeyri salis noqtalar arasindaki masafa [8]. Geniglandirma prinsipindan istifada etmakla, iki noqta 
arasindaki masafasi qeyri-salis goxluqlar arasindaki qeyri-salis masafaya gatirilir. X metrik fazasinda 

qeyri-salis goxluqlar arasindaki qeyri-salis masafa agagidaki kimi tayin olunur: 
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M d( A.B) = SUp min<X(x l )// fi (x 2 )) (2) 

(x l ,x 2 )eXxX 
d(x ,,x 2 )=y 

Bu maqalada Evklid masafasindan istifada olunmu§dur: 

d{x l ,x 2 ) = (Xj - x 2 ) 2 (3) 

Masalanin qoyulu§u 

Tutaq ki, goxmeyarli qarar qabuletma masalasi verilmi§dir. Onda m kriteriya va n alternative qarar matrisi a§agidaki 
kimi olar: 


Qeyri salis qarar matrisi. Cadval 1 



C w i Qi’ m l ,n l ) 

C w2 d 2 ’ m 2 , n 2 ) 

C (l ,m ,n ) 

Ai 

F n (a n ,b n ,c n ) 

-^12 (^12 ’ ^12 ’ ^ 12 ) 

F\m ’ ^1 m ’ ^1 m ) 

A2 

F 2i (^21 > ^21 ’ ^ 21 ) 

F 22 (^22 ’ ^22 ’ ^22 ) 

F 2 m ( a 2 m ’ ^2 m ’ C 2m ) 





An 

F nMnlAn C nl) 

F n2^ n2 ,b n2 ,C n2 ) 

F (cl b c ) 

nm \ nm ’ nm ’ nm ' 


Cadval l.-da F{A t j) C meyari uzra A i alternativinin qiymatlaridir. C ■ : .) isa kriteriyanm gakisidir. 

F(Ajj) ugbucaq §aklinda qeyri salis adadla ifada olunmu§dur: 

f(x;a,b,c) = max(min| -——,1,-——],0) 

\b — a c — b) 

Burada, a sol meyletma, c sag meyletma, b isa ugbucagin tapasidir. 

Maqsadimiz TOPSIS usulundan istifada etmakla an yax§i alternativi muayyan etmakdir. Bunun ugun avvalca qarar 
matrisinda har bir elementin qiymati a§agidaki dustur vasitasila normalla§dirilir: 




r u 

M 

\ 

i yt 

i= 1 


Novbati marhalada gakila§dirilmi§ matris qurulur. Bunun iigiin har sutun elementlari kriteriyaya vurulur va a§agidaki 
dusturla sonra pozitiv va neqativ ideal hall tapilir: 


A = 


(maxvy 


j e 7),(minvy- 


j e J)\i = 1,2,3,.-,*/1| = {vi».i'2»....,vat*} 
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A =s(minvy 


j g 7),(maxv/ 


J e 


J)\i = 1,2,3,. = {vj_,v 2 _,...,v 2 v_} 


Burada, A* an yuksak ustunluya malik hall va ya ideal hall, A- an a§agi ustunluya malik va ya manfi-ideal halldir. 
Musbat ideal va manfi ideal hallarin her birinin ayrilma olgusu Evklid masafasi ila agagidaki kimi hesablamr: 


= ( ^( V y * V j*f ) l/2 > 

i= 1,2,3,. 

-,M, 

= ( 2(v y - Vj.f ) l/2 . 

i= 1,2,3,. 

M, 


ideal halla yaxinliq alaqasi isa agagidaki dustur vasitasila hesablamr: 


Cp = S h / (S,. + S„), 0 i C,, i 1, / = 1,2,3,..., M. 


Masalanin halli 

Farz edak ki, goxmeyarli qarar qabuletma masalamiz 3 kriteriya va 3 alternativdan ibaratdir. Burada sayahat ugun 
naqliyyat vasitasinin segilmasi masalasi hall olunur. Alternativlarimiz avtomobil, taksi va qatardir. Kriteriyalar isa 
qiymat,sayahat muddati va komfortdur. Kriteriyalarin dayarlari gox yuksak,yuksak va orta qiymatlandirilir. Linqvistik 
qiymatlar qeyri salis adadlar §aklinda a§agidaki cadvaldaki kimi gostarilmi§dir: 


Linqvistik qiymatlarla itada olunmu§ qarar matrisi. Cadval 2. 



Qiymat 

Sayahat vaxti 

Komfort 

Avtomobil 

(8,62 9,57 11,49) 

(49,50 70,71 84,85) 

(3,46 4,33 5,20) 

Taksi 

(17,32 20,79 21,65) 

(57,45 67,02 95,75) 

(6,06 6,93 8,660) 

Qatar 

(12,99 12,99 12,99) 

(60,62 69,28 77,94) 

(0,87 3,46 6,06) 


Cadval 3-da Ci, C 2 , C 3 kriteriyalarin in gakilari yani, w l =(0,72 0,96 0,96), w 2 = (0,5 0,75 1), 
w 3 =(0,25 0,5 0,75) verilmi§dir: 


Qarar matrisi Cadval 3. 



Cl (0,72 0,96 0,96) 

C2 (0,5 0,75 1) 

C3 (0,25 0,5 0,75) 

A1 

(8,62 9,57 11,49) 

(49,50 70,71 84,85) 

(3,46 4,33 5,20) 

A2 

(17,32 20,79 21,65) 

(57,45 67,02 95,75) 

(6,06 6,93 8,660) 

A3 

(12,99 12,99 12,99) 

(60,62 69,28 77,94) 

(0,87 3,46 6,06) 


ilkin marhalada avval qarar matrisi qurulur va onun har bir elementinin normalla§dirilmi§ qiymati tapilir: 
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Normalla§dirilmi§ matris. 


Cadval 4. 



Cl (0,72 0,96 0,96) 

C2 (0,5 0,75 1) 

C3 (0,25 0,5 0,75) 

A1 

(0.310748, 0.363653, 
0.493072) 

(0.330424, 0.591487, 

0.873975 ) 

(0.293728, 0.48795, 

0.739454) 

A2 

(0.62438, 0.790005, 

0.929069) 

(0.383493, 0.56062, 

0.986247) 

(0.514448, 0.780945, 

1.23147) 

A3 

(0.468285, 0.49361, 

0.557441) 

(0.404653, 0.579525, 0.8028 ) 

(0.0738564, 0.389909, 
0.861748) 


Cadval 5-da gakila§dirilmi§ matris qurulmu§dur: 


Qakila§dirilmi§ matris. 


Cadval 5. 


A1 

(0.223739, 0.349107, 
0.473349 ) 

(0.165212, 0.443615, 
0.873975) 

(0.073432, 0.243975, 

0.55459) 

A2 

(0.449554, 0.758405, 

0.891906) 

(0.191746, 0.420465, 
0.986247) 

(0.128612, 0.390473, 

0.923603) 

A3 

(0.337165, 0.473866, 
0.535143) 

(0.202326, 0.434644, 

0.8028) 

(0.0184641,0.194955, 
0.646311) 


Bu marhaladan a§agidaki dusturla sonra pozitiv va neqativ ideal hall tapilir: 


A* 

(0.45, 0.76, 0.89) 

(0.19, 0.42, 0.99) 

(0.13, 0.39, 0.92) 

A- 

(0.22, 0.35, 0.47) 

(0.2, 0.43,0.8) 

(0.02, 0.19, 0.64) 


Cadval 6 va 7-da S* va S_ yani ayrilma olgulari hesablanmi§dir: 

Ayrilma olgulari Cadval 6. 


(0, 0.1681,0.4489 ) 

(0, 0.0004, 0.6724 ) 

(0, 0.0225, 0.7225 ) 

(0, 0, 0.1936) 

(0, 0, 0.64) 

(0, 0, 0.6241) 

(0, 0.0841,0.3025 ) 

(0, 0.0001,0.6241 ) 

(0, 0.04, 0.81 ) 


(0, 0.437035, 1.35787 ) 
(0, 0, 1.20735) 
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(0,0.35242, 1.3178) 


Ayrilma olgulari. Cadval 7. 


(0, 0, 0.0625 

(0, 0.0001,0.4489) 

(0, 0.0025, 0.3249 ) 

(0,0.1681,0.4489) 

(0, 0.0001,0.6241) 

(0, 0.04, 0.81 ) 

(0, 0.0144, 0.1024 ) 

(0, 0, 0.36) 

(0, 0, 0.3844 ) 


(0,0.0509902,0.914494 ) 

(0, 0.456289, 1.37222 ) 

(0, 0.12, 0.920217 ) 

Sonuncu marhala ideal halla yaxinliq alaqasinin tapilmasi va ustunluk daracalarinin siralanmasidir. ideal halla 
yaxinliq alaqasi Cadval 8-da gostarilmigdir: 

Ustunluk daracalari. Cadval 8. 


A1 

A2 

A3 

(0, 0.1,0.9) 

(0, 1, 1.4) 

(0, 0.3, 0.9) 


Ustunluk daracalarina gora siralasaq, agagidaki kimi ranqlagdirma alariq: 


A2>A3>Al 

Siralamadan gorunduyu kimi max(Ai, A 2 , A 3 ) = (0, 1, 1.4) oldugu ugun naqliyyat vasitasi olaraq an yax§i alternativ 
A 2 yani, taksi segilir. 

N0TIC0 

TOPSIS metodunu ahata edan bir gox yanagmalar olmasina baxmayaraq, goxmeyarli qarar qabuletma 
masalalarinda qeyri salis qiymatlar istifada etmakla daha effektiv natica aide etmak olar. Bu maqalada taklif olunan 
yanagma qeyri salis adadlar uzarinda amaliyyatlara asaslamr. Baxilan masalada an yax§i alternativ olaraq A 2 
segilmigdir. Praktiki gakilda yoxlamanm naticalari isa bu usulun etibarliligim gostarir. 
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iNFORMASiYA C0MiYY0Ti: AZ0RBAYCANDA KOSMiK S0NAYENiN iNKi§AF 
PERSPEKTiVL0Ri 

T.A.Qasimova 

(MAKA-nm Elmi-Tadqiqat Aerokosmik informatika institutu) 

E-mail: 

ABSTRACT 

The main functions forming the information society are studied, the essence of its basic functions and components is 
stated. The prospects, role of events implemented within the frame woks of the “State Proqram on establishment and 
developmant of space industry in the Republic of Azerbaijan. 

Keywords: information society, space society, information culture, space industry in Azerbaijan, ICT tools. 

XULAS0 

Miiasir elmi biliklare esaslanan iqtisadiyyatin inkigafi, butun sahelarda yeni texnologiyalarin genig tetbiqine nail 
olunmasi informasiya tahlukasizliyi ve azadligimn mudafiasi, qlobal informasiya fazasina inteqrasiyamn 
geniglandirilmasi olkemizde informasiya cemiyyetinden kosmik camiyyete kegid merhelasini formalagdirir. Meqalanin 
moqsadi informasiya cemiyyetinin kosmik camiyyeta kegidi ve Azerbaycanda kosmik senayenin inkigaf 
prospektivlerinin mueyyenlegdirilmesidir. 

Agar sozlar: informasiya cemiyyeti, kosmik cemiyyet, informasiya medeniyyeti, Azerbaycanda kosmik sanaye, iKT 
vasiteleri. 

PE3K5ME 

1/lccneflOBaHbi ocHOBHbie cfiaKTopbi, c^opMnpytOLune m-icf)opMauMOHHoe o6mecTBO, M3iio>KeHa cyib ee ochobhux 
cfiyHKUMM n KOMnoHeHTOB. no«a3aHa nepcneKTMBbi, ponb Meponpuamti, ocymecTBnHeMbix b paMKax 
«rocyflapcTBeHHOM nporpaMMbi no co3flaHnto n pa3Bmmo kocmmhkckom npoMbiwneHHOCTM b A3ep6afifl>KaHCKOM 
Pecny6nw<e 

KoroneBbie cnoBa: MHcjDopMaunoHHoe o6mecTBO, KOCMnnecKoe o6mecTBO, MHcjDopMaunoHHaa xynbiypa, 
KOCMnnecKaa OTpacrib b A3ep6afifl>KaHe, MHdpyMeHTbi MKT. 

informasiya camiyyati. XXI asrda Azerbaycanda informasiya cemiyyetine kegid vs onun qurulmasi, elektron 
hokumatin prioritet sahssi hesab olunan informasiya vs kommunikasiya texnologiyalari (iKT) olkenin sosial-iqtisadi 
hsyatina son illsr daha ciddi tssir etmigdir. Muasir rabits vs informasiya texnologiyalari, olkenin herterafli inkigafi, 
ehalinin intellektinin yukssldilmesi, hsmginin, dunyada bag versn inteqrasiya proseslsrins respublikamizin daha aktiv 
cslb olunmasi informasiya cemiyyetinin formalagmasina yeni imkanlaragir. 

Azsrbaycan Respublikasimn inkigafi namins informasiya vs kommunikasiya texnologiyalari iizra Milli Strategiyamn 
(2003-2012-ci illsr) gergsklsgdirilmssi olkemizde informasiya cemiyyetinin formalagdirilmasi ugun muvafiq huquqi 
baza yaratmigdir. Bununla yanagi, hsyata kegirilen dovlst proqramlari vs zsruri islahatlar nsticssinds olksmizin 
umumdunya elektron mskamna daha surstli inteqrasiyasi tsmin edilmig, elektron hokumatin yaradilmasi, biliklare 
esaslanan iqtisadiyyatin tegekkulu, informasiya tahlukasizliyi vs iKT-nin inkigafi istiqamstinde muhum addimlar 
atilmigdir. 

Bu gun dunya olksleri sanaye csmiyystindsn informasiya csmiyystins kegid dovrunu yagayir. 

informasiya cemiyyeti anlayigi 1960-ci illsrin svvsllerinds Yaponiyada sosial elmlsrin tsdrisinds istifads olunmaqla 
baglayib vs artiq 50 ildsn goxdur ki, elmi-nszsri tsdqiqat obyektins gevrilmssins baxmayaraq csmiyystin inkigaf 
tarixinds ijguncu qlobal sosial-inqilab kimi qeyd olunur [1], 

informasiya cemiyyeti - sivilizasiyamn hazirki msrhslssi olmaqla yanagi informasiya biliklerinin maddi ssrvsts 
gevirdiyi camiyyatdir. 

Azerbaycanda informasiya cemiyyetinin ssas xiisusiyystlsrins qlobal informasiya muhitinin yaradilmasi, sosial vs 
iqtisadi fsaliyystinin yeni formalarimn (mssafsdsn tshsilalma, elektron ticarst, teleyayim, elektron demokratiya, 
elektron hokumat vs s.) meydana gslmssi, informasiya vs bilik bazarimn formalagmasi vs s. aiddir. Muxtslif 
ssviyysds informasiya mubadilssi sistemlsrinin inkigafi, vstsndag vs tsgkilatlarin istsnilsn mslumati almaq, onu 
yaymaq vs istifads etmsk kimi huquqlarinm tsmin edilmesidir. 
informasiya cemiyyetinin ssas komponentlsri kimi agagidakilari gostsrmsk olar: 

• elektron dovlst; 

• informasiya texnologiyalari; 
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• elektron elm; 

• internetgunasliq; 

• informasiya madaniyyati; 

• elektron iqtisadiyyat; 

• informasiya tahlukasizliyi; 

• informasiya huququ; 

• informasiya infrastrukturu vo s. 

Bundan bagqa, informasiya comiyyoti quruculugu 5 ardicil marholoda hoyata kegirilmalidir: 

• kommunikasiyalarin qurulmasi; 

• informasiya - kommunikasiya texnologiyalarindan istifado; 

• gabakalagdirma marhalasi; 

• informasiyalagdirma marhalasi; 

• virtual marhala. 

Virtual munasibatlarin formalagmasi isa camiyyatda informasiya camiyyatinin formalagmasim aktuallagdirir [2]. 
informasiya camiyyati, bagqa sozla desak, camiyyatin informasiyalagdirilmasi olkanin intellektual potensialindan 
samarali istifada edarak hartarafli inkigafimn tamin edilmasi, camiyyatda agkarliq va gaffafligin barqarar edilmasi, 
ham da butovlukda ictimai hayatin demokratiklagmasi demakdir. 

Qeyd etmaliyik ki, hazirda har bir sahada iKT-dan genig istifada olkanin sosial-iqtisadi inkigafina komak edir. 
informasiya bollugunun yaradilmasi ila ham bagariyyatin qargisinda duran problemlarin hallina nail olmaq, ham da 
camiyyatin inkigafim tamin etmak mumkundur. 

Azarbaycanda kosmik sanayenin inkigaf perspektivlari. Muasir elmi biliklara asaslanan iqtisadiyyatin inkigafi, 
qlobal informasiya fazasina inteqrasiyamn geniglandirilmasi olkamizda informasiya camiyyatindan kosmik camiyyata 
kegid marhalasini formalagdirir. 

iKT-nin inkigafimn naticasi kimi muhum va muhum oldugu qadar murakkab saha olan kosmik sanayenin yaranmasi 
va inkigafinda da avazsiz nailiyyatlar qazamlmigdir. 

Prezidentin sarancami ila «Azarbaycan Respublikasinda kosmik sanayenin yaradilmasi va telekommunikasiya 
peyklarinin orbita gixarilmasi haqqinda 2009-cu il tarixinda qabul edilmig Dovlat Proqrami» respublikada kosmik 
sanayenin yaradilmasi va inkigaf etdirilmasi, dovlat strukturlarimn peyk rabitasina olan talabatimn odanilmasi asas 
maslalardan birdir. 

Ham da olkanin beynalxalq rabita kanallarimn artirilmasi regionlarda ahalinin teleradio yayimina artan talabatimn 
tamini va kosmik fazadan samarali istifada edilmasi iqtisadi, sosial, elmi, madani, tahlukasizlik va s. sahalarin inkigaf 
etdirilmasidir. 

Bela ki, kosmik sanaye sahasinda beynalxalq amakdagligin geniglandirilmasi, respublikamn kosmik sanaye 
potensialimn mohkamlandirilmasi, kosmik sanaye texnikasinm inkigafi, yeni rabita xidmatlarinin tagkili, teleradio 
yayimi, Yerin masafadan zondlanmasi, hidrometeorologiya, ekoloji monitorinq, fovqalada hallara nazarat, kosmik 
tadqiqatlar, axtarig va xilasetma uzra proqramlar bu sahanin inkigafina genig perpektivlar yaradacaqdir. 

8 fevral 2013-cu il tarixi (Kuru kosmodromunda 7 fevral 2013-cu il) olkamizda kosmik sanayenin yaradilmasi va 
inkigafi tarixinda qizil harflarla yazildi. Hamin tarixda olkamizin ilk telekommunikasiya peyki olan "Azerspace-1" 
orbita yola salindi va bununla da Azarbaycan Respublikasi dunyada orbitda peyka malik olan dovlatlar sirasinda 37- 
ci oldu [3]. 

2013-cu il fevralin 8-da Azarbaycan Respublikasimn ilk telekommunikasiya peyki Azerspace-1” in orbita gixarilmasi 
olkamizin mustaqillik dovrunda alda etdiyi an yuksak texniki nailiyyatlardandir. Avropa, Yaxin §arq, Orta Asiya va 
Afrika olkalarina telekommunikasiya, internet, televiziya-radio yayimi xidmatlari gostarmaya imkan veran peykin artiq 
kommersiya istismarina baglamlmigdir va o, yaradilmig infrastruktur vasitasila azarbaycanli mutaxassislar tarafindan 
idara olunur. 

Ham da qeyd etmaliyik ki, tezlikla orbita gatan va yer sathindan 36000 km. hundurlukda ekvator uzarinda 46 daraca 
garq uzunlugunda geostasionarda yerlagan "Azerspace-1" peykinin ahata zonasina Markazi Asiya, Avropa va aksar 
Afrika olkalari daxildir. 

Peykin istehsali va orbita gixarilmasi ila alaqadar butun proseslarda 10-dan gox inkigaf edan dunya olkasi ila yuksak 
saviyyali amakdagliq edilib ki, bu da bir daha Azarbaycamn etibarli tarafdag kimi imicini mohkamlandirir. Digar 
tarafdan, peyk sistemlarinin yaradilmasi, telekommunikasiya peykinin istismara verilmasi oz novbasinda 
Azarbaycamn nufuzuna da musbat tasirini gostarir. 

Azarbaycan BMT-nin muvafiq komitasinda kosmik olkalar sirasina qabul olunub va kosmik fazamn sulh maqsadlarla 
istifadasi uzra ohdaliklar goturub. Kosmik kulubun uzvu, Qafqaz regionunda ilk peyka sahib olan Azarbaycan MDB 
makamnda Rusiyadan sonra ozunun suni peyki olan olka olaraq regionda bu sahada oz liderliyini daha da 
guclandirir. 

Azarbaycan Respublikasimn Prezidenti tarafindan 2009-cu ilin avqust ayinda Azarbaycan Respublikasinda kosmik 
sanayenin yaradilmasi va inkigafi uzra Dovlat Proqrami”mn tasdiq edilmasi haqqinda Sarancam imzalanmasi ila 
olkamizda kosmik sanayenin inkigafimn yeni marhalasi bagladi. 
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Azarbaycan Respublikasi Prezidentinin 2010-cu il 3 may tarixli 885 nomrali Sarancami ila telekommunikasiya 
peykinin orbita gixarilmasi, idara olunmasi va istismar iglarinin hayata kegirilmasini tamin etmak maqsadi ila Rabita 
va informasiya Texnologiyalari Nazirliyinin tabeliyinda ‘Azarkosmos” Agiq Sahmdar Camiyyati (“Azarkosmos” ASC) 
tasis edildi. 

Hazirda “Azerkosmos” ASC-da kosmik saha uzra inkigaf etmig tacrubaya malik olkalar va girkatlarla tacruba 
mubadilasi aparir. Biz, AB§, Fransa, Kanada, Malaziya kimi olkalarla, hamginin, Turkiya ila six amakdagliq edirik. 
Respublikada kosmik sanayenin yaradilmasi, kosmik informasiyamn qabulu va email iglarina 1974-cu ilda Bakida 
kosmik texniki vasitalardan istifada etmakla, tabii ehtiyatlarin tadqiqi uzra Canub-§arq markazinin yaradilmasi ila 
baglamlmigdir. 

2007-2012-ci illarda Milli Aerokosmik Agentliyinda faaliyyat gostarmig, “UNiSCAN-24 Kosmik Malumatlarin 
Qabuledici Kompleksi” lokal miqyasda informasiya muhitinin formalagdirilmasinda muhum rol oynamigdir. Bela ki, 
qabuledici kompleksa xidmat edan yuksak hazirliqli kadr potensiali formalagmig, alinmig malumatlarin 
sistemlagdirilmasi, arxivlagdirilmasi va iqtisadiyyatin muxtalif sahalarinda tatbiqi itgitn muhum tadbirlar gbrulmugdur. 
Kompleksin imkanlarimn artirilmasi respublikanm torpaq-bitki obyektlarinin inventarlagdirilmasinda, metroloji 
masalalarin hall edilmasinda, tabii-dagidici proseslarin qiymatlandirilmasinda, yerustu boru-kommunikasiya 
gabakalarinin monitorinqinin aparilmasinda, raqamli elektron xaritalarin yaradilmasinda va onlarin 
yenilagdirilmasinda, hamginin bir sira digar iqtisadi, strateji va mudafia ahamiyyatli masalalarin hallinda xususi rol 
oynamigdir [2]. 

Kosmik sanayenin yeni saha oldugu nazara alinaraq, Dovlat Proqramina asasan kosmik informasiyamn qabulu va 
email goxfunksiyali superkompyuter markazinin yaradilmasi, peykin idara edilmasi va istismari, kosmik 
avadanliqlarin istehsali, kosmik malumatlarin alinmasi va email uzra kadrlarin AB§ va Avropada hazirlanmasi 
maqsadauygun sayilir. Qiinki, dovlatin iqtisadi va harbi gucunun inkigafi kosmik tadqiqatlar sahasinda fundamental 
elmi biliklarin geniglandirilmasi asasinda mumkundur [4]. 

Natica etibari ila gostarmak olar ki, Azarbaycanda yuksak texnologiyalarin tatbiq olunmasi va olkada kosmik 
sanayenin yaradilmasi istiqamatinda ardicil iglar hayata kegirilir. Qargiya qoyulmug strateji maqsadlara nail olmaq 
ijgun muvafiq idaraetma strukturunun yaradilmasi, kosmik sanayenin inkigafi, kosmik informasiyamn qabulu va email 
uzra goxfunksiyali superkompuyter markazinin yaradilmasi, kosmik sanayenin yeni saha oldugu nazara alinaraq, 
AB§ va Avropada qisamuddatli kadr AB§ va Avropada kadr hazirligimn aparilir. 

Bela ki, “Azarkosmos” amakdaglari girkatin partnyorlari olan AB§-nin “Orbital Sciencies” va Malayziyamn “Measat 
Satellite Sistems” girkatlarinda qisa va uzun muddatli nazari va tacrubi stajkegma talimlari ila yanagi, Boyuk 
Britaniyamn, Qinin, Almaniyamn tanmmig talim girkatlarinda ixtisasartirma kurslarinda igtirak edib. Bu gun 
“Azerspace-1” peyki yerli mutaxassislar tarafindan ugurla idara olunur. 

Qeyd edak ki, peyklarin idara olunmasi itgitn regional idaraetma markazi va ehtiyat idaraetma markazinin 
yaradilmasi prosesi baga gatmigdir. Gorulan iglarin musbat naticasi olaraq, Birlagmig Millatlar Tagkilatimn uygun 
komitasinda Azarbaycan Respublikasi kosmik olkalar sirasina qabul olunmug va olkamiz kosmik fazamn sulh 
maqsadlarila istifadasi uzra ohdaliklar goturmugdur. 

Ham da kosmik sanayenin inkigafi e-xidmatlarini geniglandirarak Azarbaycamn ilk telekommunikasiya peyki olan 
“Azerspace”in orbita buraxilmasi yaxin galacakda orbital movqeya yiyalanarak respublikamiz informasiya- 
kommunikasiya sahasinda birsira layihalari gergaklagdirmasina imkan yaradacaq. 

Hazirda fazada orbital movqeya malik 30-a qadar dovlat informasiyamn qitalararasi oturulmasi va yayimina nazarat 
etmakla yanagi, peyk icarasindan kulli miqdarda galir goturur. 

Neft-qaz olkasi olan Azarbaycan galacakda milli telekommunikasiya peyki vasitasila kagfiyyat iglari aparilmasi 
nazarda tutulub. Mlli peyk miimkiin fovqalada hallar - dagqinlar, torpaq surugmalari, yanginlar barada operativ 
malumatlar alda etmaya, hadisa yerindan kosmik gakiliglar aparmaga, lazimi tadbirlar hayata kegirmaya imkan 
veracak. Milli peyk informasiya tahlukasizliyinin guclandirilmasini, qlobal informasiya makamna inteqrasiyam tamin 
edacak, olkanin butun arazilarinda keyfiyyatli internet tamin etmak miimkiin olacaq, simli rabitanin miimkiin olmadigi 
yerlarda isa peyk rabitasi ila internet tamin olunacaq. 

Qeyd etmaliyik ki, kosmik sanaye takca kosmosu fath etmak vasitasi deyil, ham da, qlobal va regional sosial-iqtisadi 
masalalarin, elmi-texniki problemlarin halli iigiin asas vasitaya gevrilib va kosmos sahasi kimi elmi-texniki 
aragdirmalara, innovasiyalara yol agir. Bela ki, kosmosla bagli planlar takca kommersiya layihalari deyil, ham da 
kifayat qadar miirakkab regionda yerlagan olka iigiin informasiya tahliikasizliyi masalasidir. 

Azarbaycan Respublikasimn Prezidenti tarafindan tasdiq edilmig "Kosmik sanayenin yaradilmasi va inkigafi iizra 
Dovlat Proqrarm" icra olunub va otan illar arzinda bir sira tadbirlar hayata kegirilib. Hazirda Azarbaycamn iki peyki 
faaliyyat gostarir. Birinci peyk 2013-cii ilin fevral ayimn 8-da buraxilan telekommunikasiya peykidir ki, hamin peyk 
geostasionar orbitda 36000 km yiiksaklikda faaliyyat gostarir. Bela ki, bu peyk olkanin radio va teleyayim 
gabakasinin takmillagmasina, rabita sisteminin modernlagmasina xidmat edir. 

Peyk oz faaliyyatini indi da ugurla davam etdirir. "Azersky" adlanan ikinci peyk isa yerin masafadan zondlanmasi, 
elektron xaritalarin yaradilmasi, kand tasarriifati istehsalimn planlagdirilmasi, mahsuldarligin proqnozlagdirilmasi, 
eyni zamanda, tabii-dagidici proseslarin qiymatlandirilmasi va proqnozlagdirilmasi masaialarinin halli ugun 
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malumatlarin toplanmasina xidmat edir. Azarbaycan peyklari "Azerkosmos" ASC tarafindan idara olunur va 
malumatlar da onlar tarafindan qabul edilir. 

Kosmik sanayenin yaranmasi va inki§afi sahasinda nailiyyatlar olkamizda davam etdirilir va bu nailiyyatlarin novbati 
davami kimi olkamizin masafadan zondlama va telekommunikasiya peyki "Azerspace-2"-nin 2018-ci ilda orbita yola 
salinmasi nazarda tutulur [5]. 

Azarbaycanda informasiya-kommunikasiya texnologiyalarinin (iKT) inki§af dinamikasi, beynalxalq qurumlarla ugurlu 
amakda§liq, iqtisadiyyatin formala§masi, olkamizin yaxin galacakda yuksak texnologiyalar sahasinda kosmik 
sanayenin yaradilmasina kosmik informasiya camiyyatinin formala§masina zamanat verir. 
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HESABLAMA EKSPERiMENTLQRi 0SASINDA MUXTLiF METEOROLOJi §0RAiTD0 
EKViVALENT-EFFEKTiV TEMPERATURUN D0Yi§M0SiNiN QiYM0TL0NDiRiLM0Si 
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1 Milli Aviasiya Akademiyasi. (Azarbaycan) 
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Muasir dovrda insan orqanizminin iqlim amillarindan asili olan vaziyyatinin qiymatlandirilmasi masalalari qlobal iqlim 
dayipmalari fonunda daha da aktuallapir. Bu aspektda, maqalada bu sahada aparilmip tadqiqatlarin va istifada edilan 
usullarin adabiyyat parhi verilmip, miixtlif meteoroloji paraitda ekvivalent-effektiv temperaturun iqlim amillarindan asili 
olaraq dayipmasini qiymatlandirmak ugun elmi tadqiqatlarda genip istifada olunan hesablama eksperimeni 
yanapmasindan istifada edilmipdir. 

Agar sozlar: insan orqanizminin iqlim amillarindan asililigi, kompleks bioloji gostaricilar, meteoroloji parait, 
ekvivalent-effektiv temperatur, hesablama eksperimenti. 

Movzunun aktualligi 

Muasir dovrda insan orqanizminin iqlim amillarindan asili olan vaziyyatinin qiymatlandirilmasinin poxsayli usullari 
iplanib hazirlanmidir [6-15]. Onlarin bir hissasi “kompleks bioiqlim gostaricilari”na asaslanmipdir [6, 7, 15]. Artiq 
muayyanlapdirilmipdir ki, insanlara tasir edan atraf muhit amillarindan an ahamiyyatlilari onlarin istilik vaziyyatini tayin 
edan amillardir. Insanlarin istilik vaziyyati eyni zamanda onu ahata edan mikroiqlim parametrlarindan ahamiyyatli 
daracada asilidir. Hampinin muayyanlapdirilmipdir ki, bu parametrlar insanlarin istilik vaziyyatini kamiyyatca 
qiymatlandirmaya imkan vermir. Buna gora da insanlarin istilik vaziyyatinin ela gostaricilari hazirlanmipdir ki, onlar 
insan orqanizminin muvafiq fizioloji reaksiyalarim ifada eda va kamiyyatca hesablana bilir [15]. 

Malumdur ki, insan orqanizminin komfortluluq temperatur diapazonu havamn temperaturunun tabii taraddudlarindan 
farqli olaraq pox dardir. Badanin temperaturunun 26-40° intervalindan kanara pixmasi isa pox tahlukali dayipmalara 
gatirib pixarir. insamn tarlamasi yuksak temperatur va rutubatlik paraitinda orqanizmin sarinlapmasinin asas 
vasitasidir. Havamn temperaturu 32°-ya patdiqda isa bu qayda ila istiliyin itirilmasi sifira enir. Havamn rutubatliyi 
temperaturla birlikda insan orqanizmina boyuk tasir gostarir. Masalan, eyni temperatur paraitinda rutubatli hava quru 
havadan daha «istidir». Guclu kulak isa insan darisinin sath huceyralarina tazyiq gostarmakla uzucu yorgunluga, 
qipda isa apagi temperaturlarda orqanizmin muqavimatinin azalmasina gatirib pixarir. Bunlarla barabar, ekstremal 
hava paraitinda asab-psixi xastalakilar kaskinlapir, texnogen qazalarin va yol qazalarimn sayi artir [6, 7, 14, 15]. 
“Kompleks bioiqlim gostaricilari” havamn temperaturunun, va rutubatliyinin, kulayin suratinin, atmosfer tazyiqinin, 
buludlugun va s. funksiyalaridir. Bu gostaricilar va ya indekslar meteoroloji amillarin ela diapazonlarimn tayin edir ki, 
bu vaxt insan ozunij rahat (komfort) va ya narahat (diskimfort) hiss etsin. [15]-da gostarilan mulahizaya gora bioiqlim 
indekslari - insamn komfort/d is komfort hissetmanin subyektiv qabuletma gostaricilaridir. 

Biometeoroloji indekslara daxil olan meteoroloji elementlarin macmusundan asili olaraq onlari parti olaraq 
temperatur-rutubatlik, temperatturr-kulak, temperatur-rutubatlik-kulak va s. indekslara bolmak olar. Dunya 
praktikasinda istifada olunan bioiqlim indekslarinin asaslandirilmasi va hesablanmasi masalalarina Q.C.Gyyubovun 
[4], N.V.Kobipevamn [15], S.S.Andreyevin [6, 7] tadqiqatlarinda genip yer verilmipdir. Masalan, S.S.Andreyevin tadqi- 
qatlarinda bioiqlim indekslarinin informativlik amsallarina harakatda olmayan havamn effektiv temperaturunun, AB§- 
da va Yaponiyada iplanilmip diskomfortluq indeksinin, temperatur -kulak indeksinin (soyuq stressin indekslarinin), 
Saypla gora kulak soyuqluq indeksinin, Kanadada iplanmip daqiqlapdirilmip kulak-soyuqluq indeksinin, Bodmana 
gora havamn sartliyi indeksinin, Arnoldiya gora havamn sartlilik amsalimn, Hilla gora kulak soyumasi indeksinin, 
Osokina gora havamn sartlilik amsalimn informativlik daracalari balla verilmipdir. 

[15]-da verilan malumatlara asasan temperatur-rutubatlik indekslarina A.Missenarda gora effektiv temperatur, Toma 
gora diskomfort, Yaponiyada iplanilmip diskomfort indekslarini, temperatur-rutubat-kulak indekslarina A.Missenradin 
insamn istilik hissiyati, V.i.Rusanovun ekvivalent-effektiv temperatur, i.V.Butyevanm normal ekvivalent-effektiv 
temperatur indekslari aiddir. Gunap radiasiyasim nazara alan temperatur-rutubat-kulak indekslarina V.i.Rusanovun 
insamn istilik balansi saldosu, Q.B.§eleyxsovskinin radiasion temperatur-rutubat-kulak indekslarini aid etmak olar. 
Bunlarla barabar iqlimin sartliyi indekslari da genip tatbiq olunur. Bunlara havamn sartlik amsali, kulak soyutmasi 
indeksi, meteoroloji paraitin sartliyinin bioiqlim indeksini aid etmak olar. Eyni zamanda hava paraitinin patogenliyinin 
umumi indekslarindan da istifada olunur. Tabii ki, bu indekslarin hesablanmasi va qiymatlandirilmasi usullarimn ustun 
va patipmayan cahatlari movcuddur va bu barada atrafli tahlil [15]-da verilmipdir. 

Insan ekologiyasi sahasinda artiq istilik va ya soyuq hava naticasinda diskomfortun yaranmasi, umumiyyatla isa 
iqlimin komfortluluq daracasi apagidaki bir va ya bir nepa biometeoroloji temperatur indekslari ila qiymatlandirilir [15]. 


1-ci Beynalxalq Elmi-Praktik Konfrans: 

Muasir Informasiya, Olpma va Idaraetma Sistemlari: Problemlar va Perspektivlar (MiOiS-2019) 



THE CfiUCfiSUS 

ECONOMIC AND SOCIAL ANALYSIS JOURNAL OF SOIIIIHKN CAUCASUS 







ISSN: 2298-0946, E-ISSN: 1987-6114 


JULY 2019 VOLUME 32 ISSUE 05 



1) Bioloji faal temperatur - havanin temperaturundan, nisbi rutubatliyindan va insan darisinin albedosundan asili 
olaraq hesablamr; 

2) Radiasion-ekvivalent-effektiv temperatur - havanin temperaturundan, nisbi rutubatliyindan, kulayin suratindan, 
gunag radiasiyasimn intensivliyindan va insan darisinin albedosundan asili olaraq hesablamr; 

3) Ekvivalent effektiv temperatur - havanin temperaturundan, nisbi rutubatliyindan va kulayin suratindan asili olaraq 
hesablamr; 

4) insamn istilik balansimn saldosu - duz va sapalanan gunag radiasiyasindan, gunagin zenitda hundurluyundan, 
piqmentlagmamig darinin albedosundan, insan orqanizminin istilik mahsulundan asili olaraq hesablamr. 

5) Meteoroloji vaziyyatin patogenlik indeksi - havanin temperaturu va onun patogenlik indeksindan, temperaturun 
sutkaarasi dayigmasinin patogenlik indeksindan, ortasutkaliq nisbi rutubatlikdan, kulayin ortasutkaliq suratindan va 
onun patogenlik indeksindan, buludlugun patogenlik indeksindan istifada edilmakla hesablamr; 

6) Atmosferin oziinii tamizlamasinin iqlim potensiali - galakatli gunlarin, nisbi rutubatlik 80%-dan gox olan gunlarin, 
0.5 mm-dan gox yaginti olan gunlarin, surati 6 m/san-dan gox olan gunlarin sayindan asili olaraq hesablamr. 

Qeyd etmak olar ki, Azarbaycan Respublikasi arazisinda bu istiqamatda son onilliklarda aparilan ilk tadqiqat iginin 
naticalari [1]-da taqdim olunmugdur. Burada Boyiik Qafqazin dagliq arazilari iigiin 1971 -2010-cu illar uzra havanin 
temperaturu va nisbi rutubatliyindan va kulayin suratindan asili olan ekvivalent-effektiv temperatur hesablanmig, 
onun asasinda baxilan arazida iqlimin komfortluq daracasi qiymatlandirilmigdir. Qeyd etmak olar ki, olkamizda bu 
istaqamatda tadqiqatlar davam etdirilir [2, 5]. 

Masalanin aktualligi nazara alinaraq, agagida iqlimin komfortluq daracalarinin qiymatlandirilmasi usullarimn [15] qisa 
garhi verilmigdir. 

1) Temperatur-rutubatlik gostaricilari. Bunlara agagidaki indekslar aiddir: 

1.1) Effektiv temperatur (A.Missenarda gora) (ET, °C) - su buxari ila doymug quru havanin temperaturunu 
xarakteriza edir, ilin butun fasiilari ugun hesablamr va bioiqlim tasnifatlagdirilmasi va rayonlagdirma ugun istifada 
olunur. A§agidaki kimi hesablamr: 


£T=f-0.4-(r-10)-[ 1-—|> C) 

l iooJ 

burada, t -havanin temperaturu, °C; f- havanin nisbi rutubatliyi, %. 


1.2) Dl (bal)- diskomfortluq indeksi va temperatur-rutubatlik indeksi (Toma gora), AB§-da i§lanilib. Empirik gostaricidir 
va kulak olmadiqda (4.1) dusturundaki ekvivalent temperaturun analoqudur. Bela hesablamr: 

DI — 0.4 • (t + t nem ) + 4.8, ( 2 ) 

burada tnem - islanmi§ termometra gora temperaturdur, °C. 

1.3) DY (bal) - diskomfortluq indeksi. Bu indeksa gora normal temperatur hissiyati 60<DY<70 §artinda qabul edilib. 
Yaponiyada i§lanilib, a§agidaki kimi hesablamr: 


DY = 0.99-1+ 0.36-t d +41.5, 


(3) 


burada td- §eh noqtasinin temperaturu, 


Temperatur-rutubatlik-kulak gostaricilari (kolgali makanlar ugun). Bunlara a§agidaki indekslar aiddir: 


2.1) Ekvivalent-effektiv temperatur, °C - Missenarda gora insamn istilik duygusunun gostaricisidir. Paltra geyinmi§ 
insamn istilik-hissini xarakteriza edir. Bioiqlim qlobal tasnifatla§dirma ugun istifada olunur. 


EET = 37 - 


31-t 


0,68-0,0014-/ + 


1 


-0,29 - f • 1 


100 


(4) 


1,76 +1,4-v° 


burada, v - kulayin suratidir, m/san (kulayin suratini standart hundurlukdan 1,5 m-lik hundurluya gatirmak ugun 2/3-a 
vurulmugdur). 
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2.2) Ekvivalent-effektiv temperatur (EET), °C. Rusiyali tadqiqatgi V.i.Rusanov tarafindon takilf edilmigdir. Paltrasiz 
insan ugun komfortluq daracalarini tayin edir (17.3<EET<20.7), agagidaki kimi hesablamr: 


EET = t • [l - 0.003- (100- /)] - 0.385 • v 0 ' 59 ■ [(36.6 - 1) + 0.662 • (v -1)] + 
+ [(0.0015 - v + 0.008) - (36.6 - 1) -0.0167]- (10- /), 


2.3) Normal ekvivalent-effektiv temperatur, °C, Rusiyali tadqiqatgi i.V.Butyeva tarafindan takilf edilmigdir. Komfortluq 
zonasi 17.2-21,7°C diapazonundadir. insanlarin ozunu komfort hiss eladiyi temperatur 18°C-dir, agagidaki kimi 
hesablamr: 


NEET = 0.8 • EET + 0.7 0 C. (6) 

Giinag radiasiyasinin nazara alan temperatur-rutubatlik-kulak gostaricilari. Bunlara agagidaki indekslar aiddir: 

3.1) Q s (kvt/m 2 ) - insanin istilikhissi qiymati - V.i.Rusanova gora istilik balansi saldosu. Bu indeks insamn istilik 
vaziyyatinin modelinin qurulmasi ilgiln istifada olunur va insanin termorequlyasiya sisteminin funksional garginliyi 
daracasini obyektiv qiymatlandirmaya imkan verir. Hesablama dusturu agagidakidir: 

Q s = [{ct • g • h I n) • S + 0.5 • d\ ■ (1 -- a) + M + 0.004• EET - 0.98, (7 ) 

burada, S - duz gunag radiasiyasi, kVt/m 2 ; D- sapalanan gunag radiasiyasi, kVt/m 2 ; h - Gunagin zenitda hundurluyu, 
daraca; a-insan darisinin albedosu; M-insamn istilik mahsulu, kVt/m 2 ; 

(7) empirik dilsuturunun asasim insanin badaninin istilik balansi tanliyi tgakil edir. V.i.Rusanovun hava momenti 
tasnifati asasinda (insanin termorequlyasiya reaksiyalari nazara alinmaqla) hesablanmig Q s -in qiymatlarindan 
istifada olunur, Isti va soyuq dovrlarin hava momentlarinin muxtalif siniflari vaxti amak rejimlari va iqlim terapiyasi 
tayin olunur. insanin istilik duygusu Q s -a gora agagidaki kimi tasnifatlagdirilir: Q s > 10 - od kimi istidir; 0.10 < Q s < - 
0.05 - istidir; -0.06 < Q s < -0.30 - komfortdur; -0.31 < Q s < -0.65 - sarindir; -0.66 < Q s < -0.98 - soyuqdur; < Q s < - 
0.99 - gox soyuqdur. 

3.2) Radiasion ekvivalent effektiv temperatur (REET), °C. meteoroloji amillarin va gunag radiasiyasinin kompleks 
tasirini nazara almaqla paltarli insanin istilik duygusunu xarakteriza edir. ilin isti dovru ugun agagidaki dustur 
vasitasila hesablanmr: 

REET =125- lg[l + 0.02 • t + 0.0001 • it - 8) • (/ - 60) - 0.0045 ■ (33 - 1) ■ Jv + 0.129 ■ fi\, m 

burada, p=Q(1-a)-insan badani tarafindan udukan gunag radiasiyasi; Q - cam gunag radiasiyasi; a - piqmentasiya 
da nazara alinmaqla insan darisinin albedosu (piqmentlagmig dari ugun 0.11-a, piqmentlagmamig dari ugun isa 0.28- 
a barabardir). 

REET-nin optimal diapazonlari agagidaki kimidir: 17-21 °C -canub rayonlari; 13-18 °C -mulayim enlik rayonlari; ID- 
18 °C -gimal rayonlari. REET-in optimal qiymati 18°C-ya barabardir. 

Bu usul eyni zamanda qizmar iqlim garaitinda orqanizma istilik yuklanmasi daracasini tayin etmaya imkan yaradir. 

Tedqiqatin metodikasi 

Muxtlif meteoroloji garaitda ekvivalent-effektiv temperaturun qiymatlandirilmasi ugun elmi tadqiqatlarda genig istifada 
olunan hesablama eksperimeni yanagmasindan istifada edilmigdir [3]. Bunun ugun havamn orta temperaturunun, 
nisbi rutubatliyinin va kulayin suratinin dayigmalarinin muxtalif variasiyalari asasinda hesablamalar aparilmigdir. 

igin mazmunu 

Hesablama eksperimentlarini aparmaq ugun (4) dusturu ila hesablanacaq ekvivalent-effektiv temperaturun havamn 
temperaturundan, nisbi rutubatliyindan va kulayin suratindan asili olaraq agagidaki hesablama variantlarindan 
istifada olunmugdur (cadval 1). 
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Cadval 1 

Ekvivalent-effektiv temperaturun havanin temperaturundan (T), nisbi riitubatliyindan va kulayin suratindan 
asiliginin qiymatlandirilmasi upiin aparilmi§ hesablama variantlari 


Variant 

Meteoroloji elementlarin qiymatlari 

t, °C 

v, m/san 

f, % 

EET-1 

10....+34 

2 

56 

EET-2 

-10....+34 

2 

95 

EET-3 

-10....+34 

2 

35 

EET-5 

-10....+34 

10 

35 

EET-6 

22 

2 

35....100 

EET-7 

22 

10 

35....100 

EET-8 

22 

20 

35....100 

EET-9 

22 

o 

00 

o 

56 


Cadval 1-dan gorunduyu kimi, 1-5-ci hesablama variantlarinda kulayin suratinin va havanin nisbi rutubatliyinin 
muayyan fiksasiya edilmip qiymatlarinda havanin temperaturunun -10°C-dan +34°C-ya qadar har 5°C-dan bir 
dayipmasi vaxti EET-nin neca dayipacayi hallarina baxilmipdir. Alinan naticalar pakil 1-da verilmipdir. 

1- ci variantda ( v=2m/san; f=56%) havanin temperaturu -10°C-dan +34°C-ya qadar artiqda EET-in qiymati -16.0°C- 
dan +33.5°C-ya qadar artmipdir, yani havanin temperatur amplitudu 44°C tapkil etdiyi halda, EET-in amplitudu (33.5- 
(-16.0)) 49.5°C tapkil etmipdir. 

2- ci variantda (v=2m/san; f=95%) EET-in qiymati -19.4°C-dan +33.4°C-ya qadar artmipdir, amplitudu isa (33.4-(- 

19.4) ) 52.8°C tapkil etmipdir. 

3- cii variantda (v=2m/san; f=35%) EET-in qiymati -14.40C-dan +33.50C-ya qadar artmip, amplitudu isa (33.5-(- 

14.4) ) 47.90C tapkil etmipdir. Har up variant uzra alinan naticalarin muqayisali tahlili gostarir ki, kulayin suratinin eyni 
qiymatinda havanin nisbi rutubatliyinin qiymati artiqda EET-nin qiymati daha az olur, nainki onun azalan 
qiymatlarinda. Bu farqlar ozunu havanin temperaturunun daha a§agi qiymatlarinda kaskin biruza verir. Masalan, 
havanin temperaturunun -100C ola bila^cayi halinda EET-nin qiymatlari f=95% halinda -19.90C, f=56% halinda - 
16.00C, f=35% halinda isa -14.40C olmupdur. Havanin temperaturunun +34.00C ola bilacayi halda isa har up 
variantda EET-nin qiymatlari havanin temperaturuna pox yaxin ohmaqla 33.4-33.50C tapkil etmipdir. Gorunduyu 
kimi, kulayin suratinin kipik qiy _, mat _, larinda havanin rutubatliyinin EET-a tasiri havanin temperaturunun kipik qiymat¬ 
larinda daha gucludur. 
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-EET_l-civ. 

- EET_2-ci v. 

-EET_3-cii v. 

-EET_4-cii v. 

-EET_5-ci v. 


-20 -10 0 10 20 30 40 

Elavanin temperaturu, daraca 


§akil 1. Havanin temperaturunun dayi§masindan asili olaraq ekvivalent-effektiv temperaturun 

dayi§masi 

4-cii variantda ( v=10m/san; f=95%) EET-in qiymati -32.2°C-d0n +32.6°C-y0 qadar artmigdir, amplitudu isa (32.6-(- 
32.2)) 64.8°C tagkil etmigdir. 5-ci variantda (v=10m/san; f=35 %) EET-in qiymati -24.8°C-d0n +32.9°C-y0 qadar 
artmigdir, amplitudu isa (32.9-(-24.8)) 57.7°C tagkil etmigdir. Burada alinan naticalardan gorunur ki, kulayin suratinin 
daha boyuk qiymatlarinda EET-in qiymatlari daha da a§agi olur va bu farqlar ozilnil an a§agi temperaturlarda daha 
kaskin biruza verir. 

Havanin nisbi rutubatliyindan asili olaraq ekvivalent-effektiv temperaturun dayi§masinin 3 variantina (6-8-ci 
variantlar) baxilmi§dir (cadval 1). Bu variantlarda havanin temperaturu 22°C qabul edilmi§, kulayin suratinin 
dayi§masinin 3 halinda (v=2 m/san; 10 m/san; 20 m/san) havanin nisbi rutubatliyini har 5%-dan bir dayi§makla 35- 
100% intervalinda EET-in dayi§ma xususiyyatlarina baxilmi§dir. Alinan naticalar §akil 2-da verilmi§dir. 



§akil 2. Havanin nisbi rutubatliyindan asili olaraq ekvivalent-effektiv temperaturun dayi§masi 
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6-ci variantda (t=22°C; v=2m/san) nisbi rutubstlik 35%-d8n 100%-8 qadar artiqda EET-in qiymati 20.5°C-d8n 
15.9°C-y8 qadar, 7-ci variantda ( t=22°C; v=10m/san) 17.2°C-d8n 14.7°C-y8 qadar, 8-ci variantda ( t=22°C; 
v=20m/san) 15.9°C-d8n 13.1°C-y8 azalmigdir. Gorundiiyii kimi her 3 variantda nisbi rutubatliyin qiymati artdiqca 
EET-nin qiymatlari azalir vs an boyuk azalma kulayin kigik qiymatlarinda, an kigik azalma isa kulayin suratinin boyuk 
qiymatlarinda bag verir, yani, kulayin tasiri havamn nisbi rtubatliyinin tasirini ustalayir. Bunu isa 9 va 10-cu variantlarin 
naticalarindan daha aydin gormak olar. 

Kulayin suratindan olaraq ekvivalent-effektiv temperaturun dayigmasinin 1 variantina (9-cu variant) baxilmigdir 
(cadval 1). Bu variantda havamn nisbi rutubatliyi 56% qabul edilmig, havamn temperaturunun dayigmasinin 1 halinda 
(t=22°C) kulayin suratini har 1 m/san-dan bir dayigmakla 0-30 m/san intervalinda EET-in dayigma xususiyyatlarina 
baxilmigdir. Alinan naticalar gakil 3-da verilmigdir. 

§akil 3-dan gorunduyu kimi, kulayin surati ancaq 0 m/san olan halinda EET-in qiymati (24.0°C) havamn 
temperaturundan gox olmugdur, sonra isa kulayin surati artdiqca EET-in qiymati azalmaga baglamig va bu azalma 
qeyri-xatti xarakter dagimigdir. Yani daha kaskin azalmalar kulayin suratinin daha az qiymatlarinda (v=0-3m/san) bag 
verir. Kulayin suratinin 30 data azaldigi halda isa EET-in qiymatlari «1.5 data azalmigdir. 



§akil 3. Kulayin suratindan asili olaraq ekvivalent-effektiv temperaturun dayigmasi 


N0TiC0 

Maqalada hesablama eksperimentlarini aparmaq ugun hesablanacaq ekvivalent effektiv temperaturun havamn 
temperaturundan, nisbi rutubatliyindan va kulayin suratindan asili olaraq muxtalif hesablama variantlari taklif edilmig 
va praktiki hesablamalar aparilmigdir. Muxtalif hesablama variantlarinda kulayin suratinin va havamn nisbi 
rutubatliyinin muayyan fiksasiya edilmig qiymatlarinda havamn temperaturunun -lOOC-dan +340C-ya qadar har 50C- 
dan bir dayigmasi vaxti EET-nin neca dayigacayi hallarina baxilmigdir va alinan naticalar qrafik gakilda taqdim 
edilmigdir. Havamn nisbi rutubatliyindan asili olaraq ekvivalent-effektiv temperaturun dayigmasinin 3 variantina 
baxilmigdir. Bu variantlarda havamn temperaturu 220C qabul edilmig, kulayin suratinin dayigmasinin 3 halinda (v=2 
m/san; 10 m/san; 20 m/san) havamn nisbi rutubatliyini har 5%-dan bir dayigmakla 35-100% intervalinda EET-in 
dayigma xususiyyatlarina baxilmig va alinan naticalara yugun qrafiklar qurulmugdur. Taqiqatlar onu gostarirki, kulayin 
surati ancaq 0 m/san olan halinda EET-in qiymati (24.0C) havamn temperaturundan gox olmugdur, sonra isa kulayin 
surati artdiqca EET-in qiymati azalmaga baglamig va bu azalma qeyri-xatti xarakter dagimigdir. Yani daha kaskin 
azalmalar kulayin suratinin daha az qiymatlarinda (v=0-3m/san) bag verir, belaki, kulayin suratinin 30 data azaldigi 
halda isa EET-in qiymatlari taqriban 1.5 data azalmigdir. 
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ABSTRACT 

In this paper, we maintain a comparative assessment of the current parameters of the device calibration, as well as 
the basic parameters that characterize the device, as well as the basic parameters that characterize the device 
during the operational management of the propane propellant fractionation, washing and drying unit for the purpose 
of obtaining polypropylene of the catalytic cracking device The issue of database creation is being considered. 
Keywords: automated workplace, database 

XULAS9 

i§de katalitik krekinq qurgusunun polipropilenin alinmasi meqsedi ile propan propilen fraksiyasimn qelevile§dirilmesi, 
yuyulmasi ve qurulmasi bolmesinin operativ idaro edilmosi prosesinde avtomatla§dirilmi§ i§ yerinin tekmille§dirilmesi 
ijgun qurgunun kalonlari uzrs rejim parametrlerinin, habele, qurgunu xarakterize eden esas parametrlerin cari 
qiymetlerinin normativ qiymetlerle muqayisesi aparilmaqla nezaretde saxlamlmasim temin eden dinamiki verilenler 
bazasimn yaradilmasi meselesine baxilir. 

Agar sozlar: avtomatla§dirilmi§ i§ yeri, verilenler bazasi 

GiRi§ 

Muasir informasiya texnologiyalari ve telekommunikasiya vasitelerinden istifade etmekle avtomatla§dirilmi§ i§ 
yerlerinin (AiY) yaradilmasi aktual olaraq, qalmaqdadir [1]. 

i§ katalitik krekinq qurgusunun polipropilenin alinmasi meqsedi ile propan propilen fraksiyasimn qelevile§dirilmasi, 
yuyulmasi vs qurulmasi bolmesinin operativ idars edilmssi ugun verilenler bazasimn yaradilmasina hesr olunub. 
Baza dord csdvsldsn ibarstdir: K-303 absorbsiya-desobsiya kalonu, K-304 stabilizasiya kalonu, K-306 propan 
kalonu, parametrlerin musyysn olunmu§ hsddinin qiymstlsri. 

Verilenler bazasimn yaradilmasi. 

Verilenler bazasimn cedvelleri SQL Server Management Studio 2012 muhitinde yaradilmi§dir [2]. 

Cedvel 1-in K-303 absorbsiya-desobsiya kalonunun atributlari a§agidakilardir: 

- T-307 tutumun tempraturu ; 

- K-303-1 absorberden cixan quru qazin tempraturu ; 

- K-303-1 absorberin tszyiqini tsnzimlsysn klapan gostsricisi; 

- K-303/1-kalonun yuxari hissssindsn cixan quru qazin sarfi; 

- absorbers verilsn a§agi dovru suvarmamn gostsricisi; 

- absorbers verilsn orta dovru suvarmamn gostsricisi; 

- absorbers verilsn yuxari dovru suvarmamn gostsricisi; 

- absorbers verilsn iti suvarmamn gostsricisi ; 

- K-303/1- kalonun ssviyyssini tsnzimlsysn klapan gostsricisi; 

- K-303/1 kalonun a§agi tempratur gostsricisi; 

- K-303/1 tutum 307-dsn absorbers daxil olan quru qaz ssrfi; 

- K-303/2 kalonunun tszyiq ; 

- K-303/2 desorberdsn buxarlanmi§ qazlarin ssrfi; 

- K-303/2-kal nin a§agi tempraturu. 

K-304 stabilizasiya kalonunun atributlari a§agidakilardir: 

- K-303 tutum 307-dsn gslsn qeyri-stabil benzinin ssrfi; 

- K-304 kalonun tszyiq tsnzimlsyicisinin gostsricisi; 

- K-304 kalonun yuxari tempratur; 

- K-304 kalonuna gedsn iti suvarmamn ssrf gostsricisi; 
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- K-304 kalonuna gedan agagi tempratur gostaricisi; 

- HS-304 su soyuducusundan cixan qazin tempraturu ; 

- E-304 tutumundaki tazyiqi tanzimlayicisinin gostaricisi; 

- E-304 tutumundaki saviyya tanzimlayicisinin gostaricisi; 

- 306 kalona gedan xammalin sarfi; 

- K-304 kalonunun yuxari temperaturu ; 

- SD-307A su soyuducusundan benzinin cixigi tempraturu ; 

- SD-307 su soyuducusundan suyun girig tempraturu ; 

- SD-307 su soyuducusundan suyun cixig tempraturu ; 

- S-304B su soyuducusundan suyun cixig tempraturu. 

Cadval 3-iin K-306 propan kalonu uzra atributlari agagidakilardir: 

- 304 kalonunun saviyyasi; 

- 304 kalonunun buxarlandiricisi (reboller); 

- Fi3-160 benzinin qurgudan gixig sarfi; 

- qurgudan gixan stabil benzinin tempraturu; 

- BBF 306 kalonunun agagisinan galan butan-butilen sarfi; 

- BBF 306 su soyuducundan galan butan-butilenin sarfi; 

- PPF nasos vasitasi ila qurgudan cixan propan propilenin sarfi. 

Cadval 4-un parametrlarin muayyan olunmug haddinin qiymatlari uzra atributlari agagidakilardir: 

-Sira nomrasi; 

-Cihazin movqeyi; 

-Parametrlarin adlari; 

-Avadanligin adi; 

-Olgu vahidi; 

-Muayyan olunmug haddin minimum qiymati; 

-Muayyan olunmug haddin maksimum qiymati; 

-Siqnallagdirmamn minimum qiymati; 

-Siqnallagdirmamn maksimum qiymati. 

indi isa SQL Server Management Studio 2012 muhitinda cadvallardan birinin, masalan, K-306 propan kalonu 
cadvalinin yaradilmasi (§akil 1), K-306 propan kalonu cadvalina malumatlarin daxil edilmasi (§akil 2) va K-306 
propan kalonu cadvalindaki malumatlarin reallagdirilmasina (§akil 3) baxaq. 

CREATE TABLE K_306 
_304_kalonunun_saviyyasi int, 

Fi3_160_benzinin_qurgudan_gixi§_sarfi int, 
qurgudan_gixan_stabil_benzinin_tempraturu int, 

BBF_306_kalonunun_a§agisinan_galan_butan_butilen_sarfi int, 
BBF_306_su_soyuducundan_galan_butan_butilenin_sarfi int, 
PPF_nasos_vasitasi_ila_qurgudan_cixan_propan_propilenin_sarfi int); 



§akil 1. K-306 propan kalonu cadvalinin yaradilmasi 
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INSERT 

INTO 

K 

306 

VALUES 

(55, 

165, 

51, 

20, 

40, 

28); 

INSERT 

INTO 

K 

306 

VALUES 

(55, 

178, 

50, 

18, 

41, 

30); 

INSERT 

INTO 

K 

306 

VALUES 

(55, 

182, 

51, 

20, 

41, 

31); 

INSERT 

INTO 

K 

306 

VALUES 

(55, 

165, 

51, 

20, 

40, 

28); 

INSERT 

INTO 

K 

306 

VALUES 

(55, 

178, 

50, 

18, 

41, 

30); 

INSERT 

INTO 

K 

306 

VALUES 

(55, 

182, 

51, 

20, 

41, 

31); 

INSERT 

INTO 

K 

306 

VALUES 

(55, 

180, 

52, 

21, 

42, 

33); 

INSERT 

INTO 

K 

306 

VALUES 

(55, 

169, 

52, 

21, 

41, 

31); 

INSERT 

INTO 

K 

306 

VALUES 

(55, 

175, 

52, 

21, 

40, 

32); 

INSERT 

INTO 

K 

306 

VALUES 

(55, 

165, 

51, 

20, 

39, 

30); 

INSERT 

INTO 

K 

306 

VALUES 

(55, 

175, 

51, 

20, 

38, 

29); 




§akil 2. K-306 propan kalonu cedvelino molumatlarin daxil edilmesi 
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select * from K_306; 


SQLQueryl.sql - U...USER-PC\USER (52))* X 

select * from K_306; 


B 


100 % - « ► 
Results | Messages _ 

_304_kalonunun_saviyy... Fi3_160_befianin_qurgudan_5W5_s... qurgudan_gxan_stabi1_berizinin.. 8BF_306_katonunun_a§agi5inan... BBF_306_su_soyuduajndan_gban_b... PPF_nasos_vaatqsi_iiq_qurg.. 


1 

| 55 

| 165 

51 

20 

40 

28 

2 

55 

178 

50 

18 

41 

30 

3 

55 

182 

51 

20 

41 

31 

4 

55 

165 

51 

20 

40 

28 

5 

55 

178 

50 

18 

41 

30 

6 

55 

182 

51 

20 

41 

31 

7 

55 

180 

52 

21 

42 

33 

8 

55 

169 

52 

21 

41 

31 

9 

55 

175 

52 

21 

40 

32 

10 

55 

165 

51 

20 

39 

30 

11 

55 

175 

51 

20 

38 

29 


j Query executed successfully. USER-PC\SQLEXPRESS (11.0 RTM) USER-PCXUSER (52) master 00:00:00 11 rows 


§akil 3. K-306 propan kalonu cadvalindaki malumatlar 

Digar cadvallarin yaradilmasi, cadvalara malumatlarin daxil edilmasi analoji qaydada hayata kegirilir va cadvallardaki 
malumatlarin alinir (§akil 4, 5, 6). 

select * from K_304; 


SQLQueryO.sql - U...USER-PC\USER (52))- 


Q SQLQuery4.sql - U...USER-PQUSER (55))* SQLQuery2.sql - U...USER-PC\USER (53))* 


select * from K_304; 


100 % - < 


3 Results Messages 



K 303 tutu... 

K_304_ka... 

K_3G4_kalonu.. 

K_304_kalonun... 

K_304_kalonu... 

HS_304_s... 

E_304_tutu... 

E_3Q4_t... 

306 k... 

K_304_kal... 

SD_307A_s.. 

SD_307... 

SDJ307... 

S_304... 

1 

| 318 

I io 

59 

188 

159 

47 

8 

48 

44 

71 

64 

25 

48 

41 

2 

315 

10 

59 

190 

168 

48 

8 

50 

50 

71 

64 

26 

48 

41 

3 

318 

10 

59 

185 

168 

48 

8 

52 

50 

71 

64 

26 

48 

41 

4 

318 

10 

59 

188 

159 

47 

8 

48 

44 

71 

64 

25 

48 

41 

5 

315 

10 

59 

190 

168 

48 

8 

50 

50 

71 

64 

26 

48 

41 

6 

318 

10 

59 

185 

168 

48 

8 

52 

50 

71 

64 

26 

48 

41 

7 

323 

10 

60 

207 

169 

49 

8 

56 

51 

72 

66 

26 

50 

41 

8 

313 

10 

60 

204 

169 

48 

8 

45 

51 

72 

66 

26 

49 

41 

9 

310 

10 

60 

210 

171 

48 

8 

65 

55 

72 

66 

26 

49 

41 

10 

305 

10 

60 

200 

172 

48 

8 

67 

56 

72 

66 

26 

49 

41 

11 

309 

10 

60 

202 

171 

48 

8 

62 

55 

71 

66 

25 

49 

41 


£ Query executed successfully. USER-PC\SQLEXPRESS (11.0 RTM) USER-PC\USER (52) master 00:00:00 11 rows 


§akil 4. K-304 stabilizasiya kalonu cadvalindaki malumatlar 
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select * from K_306; 


SQLQueryl.sql - U...USER-PC\USER (52))" x 

select * from K_306; 


100 % ’ < 


3 Results Messages 



304 kalonunun savtyy.. 

Fi3_160_benzinin_qurgudan_gw5_s.. 

qurgudan_gxan_stabil_benzinin.. 

BBF_306_kalonunun_a$agisinan... BBF_306_su_soyuducundan_galan_b.,, 

PP F_nasos_vasitasi _ila_qurg... 

1 

155 

165 

51 

20 

40 

28 

2 

55 

178 

50 

18 

41 

30 

3 

55 

182 

51 

20 

41 

31 

4 

55 

165 

51 

20 

40 

28 

5 

55 

178 

50 

18 

41 

30 

6 

55 

182 

51 

20 

41 

31 

7 

55 

180 

52 

21 

42 

33 

8 

55 

169 

52 

21 

41 

31 

9 

55 

175 

52 

21 

40 

32 

10 

55 

165 

51 

20 

39 

30 

11 

55 

175 

51 

20 

38 

29 

£ Query executed successfully, 




USER-PC\SQLEXPRESS (11.0 RTM) USER-PC\USER (52) 

master 00:00:00 11 rows 


§skil 5. K-306 propan kalonu cedvelindeki melumatlar 
select * from parametrl0rin_mu9yysn_olunmu§_heddinin_qiymstlsri; 


SQLQueryl.sql - U...USER-PCXUSER (55))" X 

select * from 


SQLQuery6.sql - U...USER-PC\USER (54))* SQLQuery5.sql - U...USER-PC\USER (52))* SQLQuery2.sql - U...USER-PC\USER (53))* 


100 % • ■ 


ul Results _j Messages 



Sira .. 

. Ghazin_m... 

Parametriarin_adlan 

Avadanligin_adi 

Olgu_vahidi 

Mu0yyan_olunmu§_... 

Mu9yyan_olunmu§_... 

Siqnalla§dirmanin_... 

Siqnalla§dirmanin_m... 

1 

Sil 

J PA5 

PPF qTITvflTsmT cokdurucul' J rindTt ? zyiq 

T-3/1 

kqq/sm2 

NULL 

18 

NULL 

NULL 

2 

2 

PA6 

PPF qTITvflTsmT cokduruculTrindT tTzyiq 

T-3/2 

kqq/sm2 

NULL 

18 

NULL 

NULL 

3 

3 

PA7 

PPF qTITvilTsmT cokdurucul^rindT tTzyiq 

T4/1 

kqq/sm2 

NULL 

18 

NULL 

NULL 

4 

4 

PA8 

PPF qTITviTsmT cokdurucul?rind?t?zyiq 

T4/2 

kqq/sm2 

NULL 

18 

NULL 

NULL 

5 

5 

PA9 

BBF q?l?vil?sm? cokduruculTrindT tTzyiq 

T-5 

kqq/sm2 

NULL 

8 

NULL 

NULL 

6 

6 

PA10 

BBF qTITvflTsmT cokdurucul’rindT tTzyiq 

T-5/1 

kqq/sm2 

NULL 

8 

NULL 

NULL 

7 

7 

PA11 

BBF q?l?vfl?sni? cokdurucul?rind?t?zyiq 

T-6 

kqq/sm2 

NULL 

8 

NULL 

NULL 

8 

8 

PT17 

Tutumda tTzyiq 

T-6/1 

kqq/sm2 

NULL 

8 

NULL 

NULL 

9 

9 

PA12 

BBF q?l?v^?sm? cokduruculTrinT qars? tTzyiq 

T-7 

kqq/sm2 

NULL 

8 

NULL 

NULL 

10 

10 

PA14 

NOChavas?n?nt?zyiqi 

BorukTtnTri 

kqq/sm2 

1 

NULL 

NULL 

NULL 

11 

11 

PT15 

Qurguya su buzar?n?n tTzyiqi 

BorukTmTii 

kqq/sm2 

6 

10 

NULL 

10 

12 

12 

PA20 

Drenaj tutumu 

T-10 

kqq/sm2 

NULL 

8 

NULL 

8 

13 

13 

PA17 

Tutumda tTzyiq 

T4/3 

kqq/sm2 

NULL 

18 

NULL 

18 

14 

14 

LAI 3 

NaOH mThlulunun s?viyy?si 

T-8/1 

X 

10 

85 

30 

85 

15 

15 

LAI 4 

NaOH mThlulunun sTviyyTsi 

T-8/2 

*4 

10 

85 

30 

85 

16 

16 

LAI 5 

Suyun sTviyyTsi 

T-9 

*4 

10 

85 

30 

85 


£ Query executed successfully. USER-PC\SQLEXPRESS (11.0 RTM) USER-PC\USER (55) master 00:00:00 16 rows 


§skil 6. Parametrlorin musyysn olunmu§ h 0 ddinin qiym 0 tl 0 ri codvolindoki m 0 lumatlar 


1st International Scientific-Practical Conference: 

Modern Information, Measurement and Control Systems: Problems and Perspectives (MIMCS 2019) 



THE CfiUCfiSUS 

ECONOMIC AM) SOCIAL ANALYSIS JOURNAL OF SOUTHERN CAUCASUS 


1 
























ISSN: 2298-0946, E-ISSN: 1987-6114 


ft*SOUTHERN CAUCASUS SCIENTIFIC JOURNALS 

4 ? THE CAUCASUS 

ECONOMIC ANO SOCIAL ANALYSIS JOURNAL OF SOUTHERN CAUCASUS 


JULY 2019 VOLUME 32 ISSUE 05 


Yaradilmig dinamik verilanlar bazasimn komayi ila qurgunu idara edan operator yerindan durmadan qurgunun rejim 
parametrlarini izlayir, habela parametr gostaricilarinin normadan kanara §ixma hallari barada operativ malumat alir. 
Du da qurgunun optimal idara olunmasina komaklik gostarir. 

N0TiC0 

Sistemdan digartexnoloji qurgularin da idara olunmasinda istifada etmak olar. 

0D0BiYYAT 

1. ABTOMaTM3npoBaHHbie cncTeMbi o6pa6oTKn yHeTHO-aHanmnMecKon nHC^opMaqnn. / I"Ioa pefl. B.C. 
Po>KHOBa, B.B. Jln6epMaHa, 3. A. Ymhobom, T.B. BoponaeBon. - M., 2007 r. - C. 211. 

2. rieTKOBnH fl. Microsoft SQL Server 2012. PyKOBOflCTBO Ann HannHaromnx. - BXB-neiep6ypr, 2013 r. C. 
816. 
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ABSTRACT 

The proposed classification of common cardiological diseases is considered, to facilitate the perception of which they 
are presented in tabular form. A comparative analysis of the Minnesota coding with the proposed classification is 
carried out. An algorithm has been developed for digital coding of pathological disorders of the cardiovascular system 
with a diagnostic conclusion. 

Keywords: electrocardiogram, coding, symptoms, diagnosis, pathology, algorithm. 

PE3IOME 

PacciviaTpnBaeTCH npeAnoxeHHan KnaccncfcnKaunn pacnpocipaHem-ibix KapAnonornHecKnx 6one3Hen, Ann 
o6nerHeHnn Bocnpnmnn Korapbix ohm npeACTaBneHbi b TabnMHHon cfropivie. flpoBeAeH cpaBHMTenbHbiM aHanM3 
MMHHecoTCKoro KOAMpoBaHMn c npeAnoweHHon KnaccMcfiMKaAMeM. Pa3pa6oTaH anropMTM pMcfcpoBoro KOAnpoBaHMH 
naTonorMHecKMX HapyweHMM cepAfiHHO-cocyAMCTOM CMdeMbi c bbiboaom AnamocTMHecKoro 3a«moHeHMn. 
KjironeBbie cnoBa: aneKipoxapAMorpaMMa, KOAMpoBaHMe, CMMnTOMbi, AnamocTMKa, naTonorMn, anropMTM. 

BBEflEHME 

flnn nonyneHMn conocTaBMMbix pe3ynbiaTOB MecneAOBaHMM anexTpMHecKon aKTMBHOCTM cepAue aMepMKaHCKMe 
MecneAOBaTenM pa3pa6oianM yHMcfcnuMpoBaHHbiM mctoa onncaHMH M3MeHeHMM 3KI", Ha3BaHHbm MMHHecoTCKMM 
koaom [1]. HacTonmee BpeMn cyiAecTByeT y>xe HecxonbKO ycoBepnieHCTBOBaHHbix Bepcnn araro MeTOAa, 
ocHOBaHHbix Ha o6iAMpHbix CTaTMCTMHecKMx MCcneAOBaHMnx BapMa6enbHOCTM neHCMM 3Kr napaMeipoB m anan^a 
komhmko- aneKTpoKapAMorpacfjMHecKMX cooTHomeHMM [2,3]. KnaccMcfiMKauMn AaeT ocHOBy Ann pemcipauMM 3Kr 
npM3H3K0B b eAMHbix m tohho ycTaHOBneHHbix TepMMHax m iiiMpoKO ncnonb3yeTcn b KnMHMHecKOM npaxTMxe. 
MMHHecoTCKMM KOA COCTOMT M3 9 KnaCCOB M3MeHeHMM! 

1. TMnbi 3y6poB Q m QS; 

2 . OnmoHeHMe anexTpMHecKon ocm cepAua (30C); 

3 . BbicoKoaMnnMTyAHbie 3y6pbi R; 

4. CoeAMHeHMe (TOHKa J) m Aenpeccnn cerMeHTa ST; 

5. 3y6ep T; 

6. HapyweHMH aTpnoBeHTpMKnnpHOM (AB) npoBOAMMOCTM; 

7. HapymeHMn BHyipMxenyAOHKOBOM npoBOAMMOCTM; 

8. Apmtmmm; 

9. rioAteM cerMeHTa ST. llpoHMe M3MeHeHMn, BKmoHan "HM3KoaMnnMTyAHbie 3y6pbi T", "M3MeHeHMn 3y6pa 
P", "cMeiAOHMH nepexoAHOM 30Hbi", "TexHMnecKMe Aect> eKTb| 3anMCM". 

riocneAHnn Bepcnn MMHHeccoTCKoro KOAa BKmonaeT eLAe AononHMTenbHbie cmhapomu m npn3Haxn TexHMHecxMx 
AecfieKTOB 3anMCM 3Kr. Kax<Aoe M3MeHeHMe Ha 3Kr BbipawaeTcn b bmas pncfipoBoro koab, cocTOHLAero m3 Aeyx mom 
Tpex AMcfip, pa3AeneHHbix as^mcom. riepBan pncfipoBaH yxa3biBaeT Ha npnHaAnexmocTb k xnaccy 3Kr npn3Haxa 
(HOMep xnacca). HopManbHan 3Kr o6o3HanaeTCH koaom 1-0, HanpMMep, npn3Haxn xnacca 2 (onmoHeHne 30C) 
"BneBo" KOAMpytOTcn 2-1, "BnpaBo": 2-2. l/l3MeHeHMn b xnaccax 1, 4 m 5 cooTBeTCTBeHHO KOTnpytOTcn c yxa3aHneM 
noKanM3apMM M3MeHeHnn nepBbiMM 6yxBaMn mx aHmnncKnx Ha3BaHnn c yneTOM TMna OTBeAfiHnn m 
MecTonono>KeHMn anexTpoAOB. flawe ecnn no MMHHecoTCKOMy KOAy 3anMcaHO 7-1-7 "nonHan 6noxaAa neBon 
ho>kkm", to 3Ta 3anMCb KOAMpyeT He mo6oe nponBneHne 6noxaAbi neBon ho>kkm, a Tonbxo KOHxpeTHbin Ha6op 
npM3HaxoB. OxoHHaTenbHoe saxmoneHne no MMHCcoTCKOMy KOAy coasp>kmt Bee BbinBneHHbie Ha aHann3npyeMon 
3Kr npM3H3KM, ho CTporo m3 nncna yxa3aHHbix b era KnaccMcfiMKaTope. flnn Toro, HTo6bi pe3ynbTaTbi 3Kr aaanwaa 
no MMHHecoTCKOMy KOAy, nonyneHHbie b pa3nMHHbix mbamamhckmx ynpex^eHnax, 6binM conocTaBMMbi, Tpe6yeTcn 
He TonbKO npMMeHeHMe oahmx m Tex >xe xpnTepneB Ann cfiopMnpoBaHnH saxmoneHnn (oahmx m Tex >xe npM3HaxoB b 
KOAax), ho m m CTaHAapTM3auMn perMCTpapMM m o6pa6oTKM 3KI7 flnn ananwaa 3Kr npeAnonaraeTcn HanMHMe 
KanecTBeHHOM cmhxpohhom 3anMCM 12 OTBeASHnn, BbinonHeHHbin Ha CTaHAapTM3MpoBaHHbix npM6opax. 
CTaHAapTM3auMn oxBaTbiBaeT He Tonbxo ananm 3«r xpMBbix, MMHHecoTCxnn koa Tpe6yeT ciaHp,apiv\aa\\vw\ 
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KOflupoBinnKa. Ka>Kflafl 3KI~ floa>KHa KOflupoBaibca He MeHee neM abymh BpanaMM m npMBneneHMeM Tpeibero b 
cnynae pacxoKfleHMa mx koaob. 

HecMOTpa Ha yKa3aHHbie cjiowhoctm coBpeMeHHbie KOMnbtoiepHbie 3KI" CMCTeMbi ocHamatOTca 
aBTOMaTM3npoBaHHbiM aHajiM30M 3Kr no MMHHecoTCKOMy KOAy. OAHaKO, TexHMKa He HeceT OTBeTCTBeHHOCTM nepeA 
naqneHTOM 3a pe3ynbTaT, noaTOMy aBTOMaTMHecKaa KOAnpoBKa Aon>KHa 6biTb nepenpoBepeHa BpanoM. 

Pa3Hoe TOAKOBaHMe oahmx m Tex >xe TepMHHOB npHBOAHT k TOMy, hto OAHa v\ Ta >xe 6one3Hb wncfcpyeTCfl pa3HbiMn 
K0A3MM. OAHaKO 6e3 KOAMpOBaHMH KapAMOMHCf}OpMapMM KnMHMHeCKaH KnaCCMCflMKapMH paCnpOCTpaHeHHbIX 
KapAMonorMHecKMx 6one3HeM, chhapomob Tpe6yeT 6onbLuoro o6teMa onMcaTenbHOM MHcfcopMapMM [4]. 

Cnoco6 npeflnaraeMoro KOAnpoBaHMH 

npeAnaraeTca KnaccMcfcMKapMH pacnpocipaHeHHbix KapAMonorMnecKMX 6one3HeM, aoh o6nerHeHna BOcnpnaTna 
KOTopbix ohm npeACTaBneHbi b Ta6nMHHOM <£opMe [5]. 

06LAenpnHHTO, hto onwcaHMe 3Kr BcerAa cneAyeT AaBaTb b ctpotom nocneAOBaTenbHOCTM: 

1) pmtm; 2) npoBOAMMOCTb - MHTepBan PQ npn CMHycoBOM pnTMe; 3) aneKTpHHecKaa ocb cepApa; 4) 3y6pbi P; 5) 
KOMnnexc QRS; 6) cenweHT ST; 7) 3y6pbi T. 

no cpaBHeHMK) c nocneAOBaTenbHOCTbto, npnHsiTon npn MMHHecoTCKOM KOAnpoBaHnn, otot anropMTM 6onee neTKnn 
n 6e3 AononHHTenbHbix OTBeTBneHnn. 

PerncTpapnn 3Kr nponcxoAMT c noMOLpbio aneKTpoAOB, 3aKpennniOLpHXCH Ha Tene HenoBexa, b 12 pa3nnnHbix 
OTBeAeHMax: 


I, II, III - CTaHAapTHbie OTBeASHnn; 
aVR, aVL, aVF - ycnneHHbie OTBeAGHnn; 

Vi, V2, V3, V4, V5, V6 - rpyAHbie OTBeASHMH. 

flna yxa3aHHOH nocneAOBaTenbHOCTM onncaHnn 3Kr Ha pncyHxe 1 nepeBeAeHa o6o6meHHan cxeMa rpynnnpoBxn 

CMMnTOMOB M CHHAPOMOB, Heo6xOAMMafl A™ AMarHOCTMHeCKOrO 3aKnKDHeHMH. 

Ha pHcyHKe 1 Ann xnacca HopManbHbix n aHOManbHbix pmtmob AnamocTnHecxnMn npn3HaxaMn ai-i-ai6 HBnnKrrcn: ai 
- nacTOTa cepAenHbix coxpameHnn (HOC), a 2 - nacTOTa cepAenHbix npeAcepAnn (HCn), a3 - nacTOTa coKpaipeHna 
>KenyAOHKOB (HOK), a4 - MHTepBan PQ, as - cooTHOiueHne P:QRS, a6 - LunpnHa QRS; ai - cfiopMa QRS, as - 
perynnpHOCTb QRS, ag - nacTOTa QRS, aio - cfcopMa 3y6poB P, an - nepMOAMHHOCTb 3y6poB P, ai 2 - nacTOTa 3y6poB 
P,ai 3 - npoAon>KMTenbHOCTb MHTepBanoB P-P, ai4 - npoAon>KMTenbHOCTb MHTepBanoB R-R, ais - 3y6pbi T, ai6 - 
aneKTpMnecKan ocb cepApa ( 30C) 

flnn 3 tmx AnamocTMHecKMX npn3HaxoB mo>kho xnaccncfcnpnpoBaTb cneAytoipne BMAbi apnTMnn; 

Ai - CMHyCOBbIM PMTM, A 2 - CMHyCOBan apMTMMH, A 3 - CMHyCOBan 6paAMKapAMH, A 4 - CMHyCOBan TaXMKapAMH, As - 
npepcepAHan axcTpacncTona 3annTan, ks - y3noBbie axcTpacncTonbi, A 7 - npeAceppHan TaxnxapAMa, As - 
TpeneTaHMe npepcepAMM, Ag - Y3noBaa TaxnxapAMH, Aio - <t>n6pnnnHpnsi npepcepAMM (MeppaTenbHan apnTMnn), 
A 11 - y3noBbie BbiCKanb3biBaK)LpMe mom y3noBon 3aMeipaiOLpnM pmtm, A 12 - wenyAOHKOBbie axcTpacncTonbi, A 13 - 
>xenyAOHKOBan TaxnxapAMH, Au - ycxopeHHbin HAMOBeHTpnxynHpHbin pmtm, A 15 - wenyAOHKOBbie 

BbiCKanb3biBaiOLpMe KOMnnexcbi mom wenyAOHKOBbin 3aMeipaKDLpMM pmtm, Ai6 - c|}n6pnnnHpnn wenyponKOBbie. 
AHanorMHHO MoryT 6biTb 3axoAnpoBaHbi npn3Haxn m BapMaHTbi xnaccoB ocHOBHbix napaMeTpoB 3Kr. Kax<Aoe m 3 
npeACTaBneHHbix b [5] Ta6nMpa coctohhmm cepASHHO-cocyAMOTOM CMCTeMbi mo>kho 3anMcaTb ceMM3HanHbiM koaom. 
HanpMMep, «rMnepTpo<t)MM neBoro >KenypoHKa» cooTBeTCTByeT koa 


CocTO^Hne 

cepfleHHO- 

COCyflMCTOM 

CMCTeMbi 

Pmtm 

npOBOAMMOCTb 

30C 

3y6pbi P 

KOMnnexc 

QRS 

CerMeHT ST 

3y6pbi 

T 

l~MnepTpOC}DMfl 

neBoro 

>Keny,qoHKa 



C4 

d 3 

Ei 


G 10 
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Bbiaana anarHoaa 


Phc. 1. KoflHpoBamie npH3HaKOB h coctobhhh cepfleHHO-cocyflHCTOH CHCTeMbi 

riponepKn 03Ha*HaK)T HeonpefleneHHoe cocTOBHne npn3Hai<a. Hanpniwep, 6noKnpoBKe neBofi ho>kkh nyHKa l~nca 
(BflHflf) cooTBeTCTByeT koa. 


CocTOflhme cepAenHO- 
COCyAMCTOM CMCTeMbl 

Pmtm 

npOBOAMMOCTb 

30 C 

3y6pbi 

P 

KoMnnexc 

QRS 

CerMeHT 

ST 

3y6pbi 

T 

BiiHnr 

Ae 

Be, 

Ce, 

- 

E5 

- 

Gs 


As 

Be, 

C 7 






Aio 

Bs 







Ecnn KaKOM nn6o npn3HaK AaeT HecKonbKO 3HaneHMM cocTOBHne cepAenHO-cocyAncTOM cncTeMbi, to, KOM6nHnpyn 
era 0AH03HaHHbie 3HaHeHHB C 0AH03HaHHblMH 3HaHeHMBMM APyrMX npi/l3HaKOB, nOAyMMM KOHeHHOe HMCAO 
pa3BepHyTblX KOAOB, COOTBeTCTByK>LUHX ASHHOMy COCTOBHMK). 

Pa3BepTKa nto6oro HeoAH03HaHHoro koas b 0AH03HanHbie koau ocymecTBnneTcn nporpaMMHbiM cnoco6oM c 
ncnojib30BaHneM npuHpuna «abomhoto CHeTHMKa». 

flna ashhoto npmwepa KonnnecTBO pa3BepHyTbix koaob 6yAeT mweTb cneAytoiAnn bha: 


1) 

A6 

Be 

C 6 

- 

E5 

- 

Gs 

2) 

A6 

Be 

C 7 

- 

E5 

- 

Gs 

3) 

A6 

Be 

C 6 

- 

E5 

- 

Gs 

4) 

A6 

Be 

C 7 

- 

E5 

- 

Gs 

5) 

A6 

Bg 

Ce 

- 

E5 

- 

Gs 

6) 

A6 

Bg 

C 7 

- 

E5 

- 

Gs 

7) 

Ag 

Be 

Ce 

- 

E5 

- 

Gs 

8) 

Ag 

Be 

C 7 

- 

E5 

- 

Gs 

9) 

Ag 

Be 

Ce 

- 

E5 

- 

Gs 

10) 

Ag 

Be 

C 7 

- 

E5 

- 

Gs 

11) 

Ag 

Bg 

Ce 

- 

E5 

- 

Gs 

12) 

Ag 

Bg 

C 7 

- 

E5 

- 


Gs 

13) 

Aio 

1 Be 

1 Ce 

- 

E5 

- 


Gs 

14) 

Aio 

1 Be 

ic 7 

- 

E5 

- 


Gs 

15) 

Aio 

1 Be 

1 Ce 

- 

1 E5 

- 


Gs 
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16) 

A 10 

Be 

Cy| - 

1 E5 | “ 

1 G8 

17) 

A 10 

Bg 

Cei - 

1 E5 | " 

1 G8 

18) 

A 10 

Bg 

C 7 | - 

1 E5 | - 

1 G8 


B o6meM cjiynae KOAnpoBKy 3Kr mo>kho npeflCTaBmb ceMM3HaaHbiM koaom |ai 02 1 co I a41 as 1 06 1 07 ). 3tot koa 
cocTaBiiaeTca BpaaoM nyieM nepecMOTpa nocaeAOBaTenbHO Bcex ceMM Ta6jinA cociaBJieHHbix Ana npn3HaKOB 
puTM, npoBOAMMOCTb, 30C, 3y6qbi P, KOMnaeKC QRS, cenvieHT ST, 3y6qbi T. Tax Hanpmviep, Ana npM3Haxa pmMa 
MMeeica 16 rpaAapuM m, ecan Bpaa o6Hapy>KMBaeT cnHycoByto Taxm<apAmo, T.e. A4, to npn stom 3anncbiBaeica 
ai=4. OcTaobHbie 3HaaeHna 02 - 07 onpeAenaiOTCH aHaaornHHbiM cnoco6oM. flna iotkaom m3 27 noTeHAManbHbix 
CMHApoMaobHbix 3a«jiiOHeHMM (i= 1,27) ycTaHaBJiMBatOTca 0AH03HanHbie rpaAapnn Bcex ceMM npn3HaKOB. 


A/iropuTM MHTepnpeTauiMM fluarHOCTunecKoro 3aKniOHeHMn. flaHHaa npopeAypa aerKO anropmMM3npyeTca n 
nporpaMMHO peaaM3yeTca cornacHO cneAyiOLAeMy anropwTMy (pnc.2). 



Phc. 2. BnoK-cxeMa KOMnbiOTepHOM w-uepripeTaAMM AnamocTMHecKoro 3aKTH0HeHna. 
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PE3yjlbTATbl 

npu 3tom ycTaHOBneHna cieneHM BepoaTHOCTM yKa3aHHoro 3KI~ - 3aKmoHeHnn npuHMMaeTca bo BHMMaHne 
CTeneHb AOCTOBepHOCTM rpaAapuM OTAeneHHbix KOMnoHemoB: DE - definite (onpeAeneHHo), PR - probable 
(BepomHo), PS - possible (bo3mo>kho). OTcyTCTBue KOMnoHemoB PS n PR npMBOAm k 3aKruoHeHmo c 
AOCTOBepHOCTbio DE, T.e. k onpeAeneHHOMy yTBep>KAeHmo. 

CnHApoMaiibHoe 3a«jiiOHeHne no npeAnaraeMOM MeTOAnKe oxBaTbiBaeT npaxTHHecKM Becb B03M0>KHbiM cneiap m 
27 naTonornMecKMx HapymeHMM cepAeMHO-cocyAncTort cncieMbi. Ecnn mvieiOTCH HexoTopbie HecnepmtiHHHbie 
n3MeHeHnn, Korapbie He mweioT AnamocTMHecKoro 3HaHeHMn, to yKa3biBaeicn cocTonHMe UN - uncertain 
(HeM3BeCTHO). 
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ABSTRACT 

The new two-wavelengths method for measuring of solar constant using sun photometers has been suggested. It is 
shown, that differ from the known method the measurements at the fixed wavelength should be carried out at only 
one value of optical air mass which makes it possible to get the two-fold advantage in amount of number of needed 
measurements. 

Keywords: two-wavelengths method, optical air mass. 


PE3K3ME 

npeflnoxeH AByxBonHOBbiM MeTOA Ann n3MepeHun conHenHOM nodonHHOM c noMOLAbio cfcoTOMeipoB. no«a3aHO, 
hto b omnHne ot n3BecTHoro MeTOAa Ha xa>KAOH Ann He BonHbi M3MepeHHH Aon>KHbi 6biTb ocyiAecTBneHbi TonbKO 
npH oahom BenHHHHe onTMHecKOM B03AyniH0M Maccu, hto no3BonaeT b npeAene nonynMTb AayxxpaTHbiM BbiMrpbiLu b 
K onHHecTBe Heo6xoAMMbix M3MepeHMM. 

KnroHeBbie cnoBa: AByxBonHOBbm MeTOA, onTMHecxan B03AywHan Macca. 


Oahom m 3 aKTyanbHbix 3aAan conHenHOM c^OTOMeipMM 6e3ycnoBHO HBnneTcn M3MepeHMe conHenHOM nocTOHHHOM, 
T.e. M3MepeHMe mhtshcmbhoctm ConHenHoro M3nyneHMn Ha ycnoBHOM BepxHen rpaHMqe aTMOCcfiepbi. HaM6onee 
pacnpocipaHeHHbiM cfDOTOMeipMHecKMM MeTOAOM onpeAeneHMn conHenHOM nocTOsiHHOM HBnneTcn mctoa JleHrnM 
[1], KOTOpbIM MMeeT pa3AMHHbie pa3HOBMAHOCTM [2]. 

BxpaTLie MeTOA AnarpaMM JleHrrm 3a«niOHaeTCH b cneAyioiAeM. l/l3BecTHbiM 33 koh Byrepa-Bepa, MMeioiAMM 
cneAyiOLAyio MaieMaiMHecxyra cfiopMynMpoBKy 

/(!) = /„(/(i) 


rAe 1(A) - MHTeHCMBHOCTb ConHeHHoro M3nyneHMn Ha AnMHe BonHbi A Ha ypoBHe 3eMAM; I q (A^- BenMHMHa 

conHenHOM nocTOHHHOM Ha AOMHe BonHbi A ; 111- onTMHecxan B03AywHan Macca; t{X)- onTMHec«an Ton lam Ha 
aTMOccfiepbi, npMBOAMTcn nyTeM norapncfcMnpoBaHnn b cneAyioiAMM bma: 


l n I (A) =lnI Q (A) - m t(a). 


( 2 ) 


flanee ctpomtch rpacfcnK lnl{A) = f{pl) , KorapbiM b KanecTBe npMMepa noxasaH Ha pnc. 1. Ohsbmaho, hto 
npn 171 =0 MMeeM I(A)=I 0 (A), cneAOBaTenbHO Ann rpacfioaHanMTMHecKoro BbiHMcneHMH BenMHMHbi 
/q(A) A0CT3T0HH0 3KCTpanonnpoBaTb rpacfiMK cf}yHKL(MM / nl{X) = f{m) BnnoTb ao BenMHMHbi 171 = 0 . 


II0AP06HO He ocTaHaBnMBancb Ha cyiAecTByiOLAMX pa3HOBMAHOCTnx araro MeTOAa otmstmm era ocHOBHbie 

HeAOCTaTKM: 
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1. Pe3yjibTaT onpeAeneHna conHeaHon nocToaHHon no otomy Merafly cnnbHO 3aBncnT ot CTa6nnbHOCTn 
onmaecKon nnoTHoern aTMOccfiepbi r(X) 3a nepnofl npoBeAeHna n3MepeHnn. 

2. OTcyTCTByeT aHannTnaecxaa cfcopiwyna Ana BbiancneHna conHeaHon nocToaHHon. 

3. MeTOA AnarpaMM JleHrnn HenpnMeHMM npn Manon Bbicoie ConHpa, TaK KaK onTnaecxne Maccbi pa3nnaHbix 
KOMnoHemoB aTMOccfiepbi ( 030 H, aapo3onb n peneeBCKoe pacceaHne) niweiOT npn 3tom pa3nnaHbie onTnaecxne 
Maccbi. 




Pnc. 1. flnarpaMMa JleHrnn. 

M3BecTHbie pa3nnHHbie MOAnc^nKaLinn [2] nnnib He3HaanTenbHO ycipaHaiOT BbimeyKa3aHHbie HeAOCTaTKn, hto 
cmMynnpyeT pa3pa6oTKy npnHpnnnanbHO HOBbix MeTOAOB onpeAeneHna conHeaHon nocToaHHon. 

Oahh n3 Taxnx MeTOAOB 6bin npeAnoweH b pa6oie [3], rAe 6bin n3no>xeH MeTOA onpeAeneHna conHeaHon 
nodoaHHon c noMOLAbio TpexBonHOBbix c|)OTOMeTpoB. YKa3aHHbin MeTOA no3Bonan onpeAenmb BennanHy 

conHeaHoro nocToaHHoro cpa3y Ha Tpex AnnHax booh , /l 2 , nyieM peweHna cncieMbi ypaBHeHnn 


fi \ l 0 \ h ( A 2 1 A, )\= a n ( 3 ) 

fslhM 1 o(^X 7 o(^)] = «3» 


rAe , Cl 0 , CL^ - nocTOHHHbie BennanHbi. 

npn 3 tom ypaBHeHna cncieMbi (3) OKa3biBaiOTCH HennHenHbiM n Ana nx peiueHna Tpe6yeTca cooTBeTCTByioiAee 
nporpaMMHoe o6ecneaeHne, hto aBnaeica HeAOCTaTKOM araro MeTOAa. 

flpyron, npnHpnnnanbHO omnaaiOLAnnca ot MeTOAa JleHrnn cnoco6 onpeAeneHna conHeaHon nocToaHHon 6bin 
npeAno>KeH b pa6oTe [4], B aran pa6oTe 6bina npeAnoweHa cneAyioiAaa cfiopMyna Ana BbiancneHna 3HaaeHna 

conHeaHon nocToaHHon Ha AnnHe BonHbi A 



(4) 
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rfl6 k - HeKOTopoe nocTOHHHoe hmcjio. 

KaK BMAHO M3 BbipaxeHMa (3) HT 06 bl aHajlMTMHeCXM BbIHMCJIMTb BejIMHMHy / () (A ) AOCTaTOHHO OCyiAeCTBMTb 

M3MepeHMa /(/l) npM AByX OnTMHeCXMX B03AyLUHblX Maccax. ripM aTOM HeT Heo6xOAMMOCTM BblJIOJlHHTb K3KMe- 
jim6o rpacfjMHecKMe ojiepapMM axcipanojisiAMM. 

OcHOBHbIMM HeAOCTaTKOM 3T0T0 MeTOAS HBJIfleTCH Heo6xOAMMOCTb 60 JlbLU 0 r 0 HMCJia BbIHMCJieHMM npM 
npoBeAeHMM M3MepeHMM cojiHenHOM jioctohhhom Ha HecKOiibKMX AnnHax bojih. Tax, HanpMMep, eciiM Ana TOHHoro 

BbNMCJieHMH / Q (/1) Ha XaXOM-JlM6o A^MHe BOJlHbl npM CfjMKCMpOBaHHOM BejIMHMHe OJITMHeCXOM MaCCbl Heo6xOAMMO 
AonycTMM, npoM3BecTM 10 M3MepeHMM, TorAa Ha AJiMHax BOiiHbi y>xe noipe6yeTca npoBeAeHMe 60 

M3MepeHMM. flna ycTpaHeHMH aioro HeAOCTaTKa npeAnaraeica AeyxBOJiHOBbiM MeTOA M3MepeHMH I q (A^, xorapbiM 
M3JiaraeTca HM>xe. 

flOnyCTMM, HTO npOBOAHTCH CfDOTOMeTpMHeCKMe M3MepeHMH Ha AnMHe BOJIH Ay M A, , npM 3T0M M3MepeHMH Ha 
AJiMHe BonHbi A x ocyiAecTBJiaeTCH npM onTMHecxoM B03AywHOM Macce kytfl 0 , Ha AJiMHe BOJiHbi A 0 npM 

onTMHecKOM B03AyLUHOM Macce TTl 0 , JAe ky - JiocTOHHHaa BejiMHMHa; iTl Q - onTMHecKaa B03AywHaa Macca, 
cooTBeTCTByiOLAaa 3aAaHHOMy yjjiy Bbicotbi CojiHpa. B stom cjiynae c yneioM BbipaweHMH (1) MMeeM 


7(/L I ) = / 0 (^ 1 )e^ imoriUl) ; 


1/13 BbipaxeHMH (6) MMeeM 


rAe k 2 - nocTOHHHaa BejiMHMHa. 


l^(L) = l k S(Z 2 )e 


-m Q k 2 z(X 2 ) 


(5) 

( 6 ) 

(7) 


Ko3<£(t>MAMeHTbi ky m k 0 Bbi6epeM Tax, Hio6bi BbinojiHMJiocb cjieAyiOLAee ycjiOBMe 

k ] T(A ] )=k 2 r(A 2 ) 


MJ1M 


ky _ t(A 2 ) 


( 8 ) 


0) 


k 2 ^(Ay ) 

XopOLLIO M3BeCTHO, HTO COTJiaCHO MOAejIM AHJCTpOMa OnTMHeCXaSl TOJILAMHa a3p030JIH MO>XeT 6bUb BbIHMCJieHa xax 

t(A)=/3A- a , (10) 

TAe P =t(A =1 mxm) - xoacfxfiMAMeHT a3po30jibHOM MyTHOCTM; CC - noxa3aiejib AHrcipoMa. 

C yneTOM (9) m (10) MMeeM 
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K _px? 
k 2 m~“ V 


-%■ 


(ii) 


k 

TaKMM o6pa30M, npw 3aflaHHbix BennHMHax/Ip/1 2 n CC MMeeM —- = COtlSt , T.e. m k 2 hbohiotch 

k 2 

JIMHeMHO 3aBMCMMblMM. C yHeTOM BblLLieCKa3aHHOrO MMeeM 


/( 


. 4(4) 

e ~h”w(h) 

4(4) 


J k 2 

(A 2 ,m 0 

) la 2 ' 

(t: 

) e - k ^U 2 ) / 0 (A 2 )- /p 2 ” 1 

(4) 


( 12 ) 


0603HaMMM 


4 (4) 

4(4) 


^12 ’ 


(13) 


we a n = const. 

B 3tom cnynae, c yneTOM (13) MMeeM 


1/13 BbipaxeHMa (14) oxoHnaTenbHO MMeeM 


/ (/L,, m, ) 

a i2 

I h (/l 2 ,ra 0 

7 

C4 

O 

1 

4(4)=*- 

la l2 I k2 (A 2 ,m 0 ) 

V 


(14) 


(15) 


Kax BMflHO M3 BbipaweHMH (15) npM M3BecTHOM BenM'HMHe k ~,, a Taioxe c yneTOM pe3ynbTaTOB cfiOTOMeipMHecxMX 
M3MepeHMM l(A 2 ,m 0 ) M /(/l, ,tTl l ) MO>KHO BbIHMCJIMTb OnTMHeCXyK) nocTOHHHyio CoriHpa. 

OcHOBHbiM npeMMymecTBOM npeflno>xeHHoro 3flecb Meiofla M3MepeHMa ConHenHOM nocTOHHHOM aBJiaeica 
MeHbinaa TpyqoeMKOdb axcnepMMeHTanbHbix M3MepeHMM npM BbNMcaeHMM nocneAOBaienbHOCTM BenMHMH 

4(4)4>(4)f4(4)» T.fl- Tax, HanpMMep, b Meioae, npeflno>xeHHOM b [4] Ha AJiMHe bojihu X Tpe6yeTca 
npoBefleHMe flByx rpynn M3MepeHMM: npM onTMHecxoM B03AyniH0M Macce Yll 1 m JTl 0 . CneAOBaienbHO xax 6bmo 

OTMeneHO Bbiwe noTpe6ytOTca 60 pe3yiibTaTOB M3MepeHMH, HTo6bi onpeAenMTb Iq(A j); / 0 (X,) m / () (Aj ). B 
OTAMHMe ot aToro, b npeAno>xeHHOM MeTOAe OAHa m Ta >xe rpynna M3MepeHMM MO>xeT 6biTb Mcnoab30BaH ABaxwbi. 
Tax, no aHanorMM c (15) Ann / q (/L) mo>xho HanMcaTb 


l a 23 ' 

/* 3 I 

(a ’ m o ) 

: /I 

(A' 

, m 0 ) 

1 


(16) 


we k 3 HaXOAMTCH M3 COOTHOLUeHMH 
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k = s_ 

k 3 x a 


TaKMM o6pa30M, Ana BbiaacneHun Aeyx 3HaaeHaa BenaaaH / () , T.e. /(X,) a /(/Ig) noipe6yeica Bcero 30 
M3MepeHMM (no AecnTb a3MepeHaa Ka>KAoro H3 /(At, m oU(^3 ,TTl q). OflHaKO b M3BecTHOM 

MeTOAe Ana BbiaacneHan yxa3aHHbix BenaaaH noTpe6yeica 40 H3MepeHaa no 20 H3MepeHaa Ana /(/i,) a 
l { k ^) npa pa3Hbix BenaaaHax onTaaecxoa B03AywHoa Maccbi. 


TaxaM o6pa30M, no«a3aHO, hto b npeAno>xeHHOM MeTOAe BbiarpbiLU b xonaaecTBe npoBOAaMbix a3MepeHaa 
onpeAenaTca xax 


2 N l -a 
(a + l)-^ ’ 


(17) 


we N , - MaHaManbHO Heo6xoAaMoe KonaaecTBO a3MepeHaa Ha cfcaxcapoBaHHoa AnaHe BonHbi a cfcaxcapoBaHHoa 
onTaaecxoa Macce; Oi - KonaaecTBO AnaH booh. 

I/I 3 (17) aMeeM 



a 


npa Oi —>cO aMeeM d — 2, T.e. npa 6onbLUOM xonaaecTBe atihh booh nonyaaeM AeyxxpaTHbia BbiarpbiLU b 

Heo6xoAaMOM xonaaecTBe npoBOAaMbix a 3 MepeHaa, ara noATBep>KAaeT acxoAHbia Te 3 ac 06 acfictiexTaBHOCTa 
npeAno>xeHHoro MeTOAa. 

B KaaecTBe 3axnK>aeHaa cc^opMynapyeM ocHOBHbie BbiBOAbi npoBeAeHHoro accneAOBaHaa: 

1 . l/l 3 BecTHbie MeTOAbi cfiOTOMeTpaaecxoro onpeAeneHaa BenaaaHbi conHeaHoro nocToaHHoro aMexrr 
cyiAecTBeHHbie HeAOCTaTKa a c yaeTOM coBpeMeHHbix Tpe 6 oBaHaa k ToaHOda cacieM aTMOcc^epHbix 
a 3 MepeHaa Aonxmbi 6 biTb ycoBepiiieHCTBOBaHbi. 

2. l1peAno>KeH AeyxBonHOBbia mctoa onpeAeneHaa conHeaHoro nocToaHHoro, TpyAoeM xocTb xoioporo 
cyiAecTBeHHO Ha>xe, aeM b 6na3KOM aHanore. 

3. ll0Ka3aH0, ara npa 6onbLuoM xonaaecTBe a3MepaeMbix atihh booh MO>xeT 6biTb nonyaeH AeyxxpaTHbia 
BbiarpbiLU b Heo6xoAHMOM xonaaecTBe npoBOAaMbix H3MepeHaa. 
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yCOBEPLUECTBEHHAfl METOflMKA flJlfl M3MEPEHMA nPflMOkl HOPMAJlbHOM 
COJlHEHHOkl PAflMAUMM 


WaeB 1/livipaH, 2 HaMnr Mca3afle 

^aM. ynpaBJieHna OTflena no TexHunecKOMy o6cny>KHBaHnio no Meiponornn. Socar AQS LLC. 

2 MneH npaBneHnn opraHnaapnn. IRETC MTU 

Email: 1 smmsocaraqs@gmail.com, 2 gulustanbssjar@gmail.com 

ABSTRACT 

In the article the new method for calibration of pyrheliometers on direct normal solar radiation is suggested. The 
proposed method provides for non-dependence of the calibration result on optical thickness of pure atmosphere 
integrated on whole spectrum, which makes it possible to increase the accuracy of measurements. 

Keywords: solar radiation; calibration; solar constant; atmospheric turbiduty 

PE3IOME 

B CTaTbe npeflnaraeTcn hobum MeTOA Kann6poBKn nnprennoiweTpoB no npnivion HopManbHon paflnapnn Com-ipa. B 
npeflno>KeHHOM Merafle pe3ynbTaT Kann6poBKn He zaawcvn ot MHTerpnpoBaHHon no BceMy cneicrpy onTHnecKon 
TOnLUMHbl HMCTOM aTMOCCfcepbl, HTO n03B0nneT nOBblCMTb TOHHOCTb Kam/i6poBKi/i. 

KmoneBbie cnoBa: conHeHHan paflHapHn; Kann 6 poBKa; conHenHan nocTOHHHan; MymocTb aTWioccfcepbi 


Mcnonb30BaHne co/iHenHOM 3Heprnn ABJineTCfl oahmm m 3 nepcne«THBHbix HanpaBneHMM TexHnKM 
anbTepHaTMBHon aHepreTMKH. Ilpn MCcneflOBaHMH paAHapnoHHbix noKa3aieneM ConHqa npnMan conHenHan 
paAMauMH b ochobhom M3MepneTcn c noMOLAbio nnprennoMeipoB, npneMHan noBepxHOdb Koioporo 
ycTaHaBnMBaeTcn nepneHAHKynnpHO k HanpaBneHmo conHenHbix nyneM. C noMOLAbio anepiypbi (2,5 - 5°) 
AOCTMraeTcn pewmvi M3MepeHnn TonbKO npnMbix conHenHbix nyneM, a Taioxe conHenHoro opeona. flnn toto, HTo6bi 
6blnn B03M0>KHbl KnHMaTOnOrHHeCKMe CpaBHeHMH 3HaHeHMM paAHapMM M3MepeHHblX B pa3HblX Ce30HaX, HaCTO 
ncnonb3yiOTcn 3HaHeHMn HopMann30BaHHon paAnapnM BbNMcnneMbie xax 



rAe E n - conHenHan paAMaunn HopMann30BaHHan no OTHonieHmo k cpeAHefi BenMHMHbi paccTonHMn ot 3ei\zmn ao 

ConHqa; E- M3MepeHHan BenwHMHa npHMOM conHenHOi/i paAHapMM; R- paccTOHHne ot 3eMnn ao ConHpa b 
aCTpOHOMMHeCKHX eAHHMpax. 

OneBMAHO, hto Bee nnprennoMeTpbi Aon>KHbi 6biTb OTKann6poBaHbi nyTeM ncnonb30BaHnn ConHqa b KanecTBe 
MCTOHHMKa n APyroro nnprennoMeTpa, ncnonb3yeivioro b xanecTBe btopmhhoto aTanoHa. 

KanecTBO Kann6poBKn nnprennoMeTpa c ncnonb30BaHnei\/i ConHpa b xanecTBe MCTOHHMKa, 6yAeT 3aBnceTb ot 
M 3MeHHMBOCTM conHeHHoro n3nyHeHnn, a Taioxe ot napaMeTpoB aTiwoccfcepbi. flnn AOCTMxeHHn BbicoKoro xanecTBa 
Kann6poBKn wenaTenbHO ocyiAecTBnTb 3Ty onepapmo b TeneHne ncHbix n CTa6nnbHbix Anew. 
npopeAypbi Kann6poBKM noneBbix nnprem/ioivieTpoB M3nox<eHbi b CTaHAapTe ISO [1], 

Kax OTMeneHO b pa6oTe [2], npnMan HopManbHan paAMapHn Ha noBepxHOCTn 3eMnn I N , BbiHMcnneMan no BceMy 
cnexTpy, onpeAenneTcn no cneAyxnAen cfropiviyne: 

J n = E o I ,c exp(-S R T l - m A ), (i) 
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rfle T l - xoacfccfcwAweHT mythoctm JlwHxe; I sc - conHenHaa nocToaHHaa cxoppexTwpoBaHHaa no noxa3aTenio 
aKcpeHTpnMHOCTn; E Q - KoacfiitinpneHT yneTa w3MeHeHwa paccraaHwa ot 3eMnn ao ConHpa; S R - wHTerpwpoBaHHaa 

onTwnecxaa ranmnHa cyxow hwctow aTMOccfcepbi; fn A - OTHOcmenbHaa onTwnecxaa B03AyuiHaa Macca. 

CneflyeT OTMeTnTb, hto Ha npaxTwxe wcnonb3yiOTca pa3nwHHbie paAwapwoHHbie noxa3aTenw ConHpa. B Ta6n. 1 
npHBeAeHbi [2] 3HaneHwa Tpex napaMeTpoB conHenHOw paAwapww no MecapaM, w3MepeHHbie b r. fenBaH, ErwneT. 


Ta6nwpa 1 


Mecap 

G- rnoGanbHaa conHeHHafl 
pafluauna Ha ropn30HTanb-HOM 

nnocKOCTM b 
kBt • Hac/M 2 /,qeHb 

D - AW(£<t>y3HaH conHenHaa 

paAwapwa b 

xBt • nac/M 2 /AeHb 

In - npaMaa HopManbHaa 
conHenHaa paAwapwa b 
xBt ■ nac/M 2 /AeHb 

PHBapb 

3,09 

0,97 

4,67 

OeBpanb 

3,4 

1,21 

4,25 

MapT 

3,68 

1,69 

4,32 

Anpenb 

5,11 

1,96 

4,47 

Maw 

5,25 

2,5 

3,78 

1/llOHb 

5,81 

2,69 

4,09 

1/ltonb 

6,2 

2,18 

5,29 

Abtyct 

6,46 

1,86 

6,63 

CeHTa6pb 

5,64 

1,47 

6,44 

OxTa6pb 

4,35 

1,11 

5,8 

Hoa6pb 

3,65 

0,91 

5,79 

flexa6pb 

2,78 

0,87 

4,47 


ITpw 3 tom cpeAHeroAMHHbie 3HaneHwa G,D,I cooTBeTCTBeHHO cocTaBwnw 4,62; 1,62 w 4,92 kBt ■ nac/M 2 /AeHb. 

Kax OTMeneHO b pa6oie [3], c noMOipbio nwprenwoMeTpoB 6binw w3MepeHbi 3HaneHwa npaMOw HopManbHOw 
conHenHOM papwapww npw 6e3o6nanHOw noroAe b ceBepHO-peHTpanbHOM pawoHe OxnaxoMbi (CLUA) b anpene 
1996 r. nonyneHHbie pe3ynbTaTbi panee cpaBHWBanwcb c pe3ynbTaTaMw MOAenbHbix BbinwcneHww no Mopenw 
MODRTAN-3. OTAenbHO npoBopwowcb w3MepeHwa conHenHbiM cfiOTOMeTpoM onTwnecxow ToniAWHbi aaposona. 
Bbinw npoBeAeHbi 36 Taxwx He3aBwcwMbix cpaBHeHww, b pe3ynbTaie aero 6bina AOCTwmyTa xopowaa 
comacoBaHHOCTb b bin none HHbix w axcnepwMeHTanbHbix BenwnwH. ITpw 3HaneHww npaMOw HopManbHOw conHenHOw 

papwapww paBHofi 839 Bt ■ m 2 o6Luee HecooTBeTCTBwe MOAenbHbix w w3MepeHHbix cocTaBwno —1,5+ 7,9 Bt • 

M' 2 . 

B pa6oie [3] npwnwHaMw Taxoro HecooTBeTCTBwa yxa3biBaiOTCH cnepyiOLAwe: 

1. norpeiuHOdb b w3MepeHww (0,3-0,7 %), Bbi3BaHHbie b nacTHOCTw BnwaHweM aTMOccfiepbi. 

2. norpeiuHOdb b MOAenbHbix BbMwcneHwax (1,8 %). 

Ilpw stom 6bino ycTaHOBneHO, hto CTeneHb comacoBaHHOc™ Bbiiueyxa3aHHbix BenwnwH cfraxTWHecxw He 3aBwcwT ot 
O nTMHeCXOH B03AyiUHOM Maccbl. 

TaxMM o6pa30M, xax cneAyeT W3 BbiLuenpwBeAeHHoro poa w3MepeHwa papwapwoHHbix napaMeTpoB ConHpa Aon>XHbi 
6biTb ncnonb30BaHbi Taxwe M3MepnTenbHbie npn6opbi xax nwprenwoMeTp mom nwpaHOMeTp, xorapbie b cboio 
onepepb pon>XHbi 6biTb OTxanw6poBaHbi no npaMoii conHenHOw papwapww. OneBwpHO, hto xanw6poBxa pon>XHa 
6biTb ocyLuecTBneHa b Taxwx MecTax w b Taxoe BpeMa pHa, xorAa BnwaHwe HecTa6wnbHOCTw aTMOccfcepbi 
MMHMMaribHO. KnaccwnecxwM o6pa3poM Taxoro MecTa aBnaeTca xanw6poBOHHbiw peHTp NASA, pacnono>xeHHbiw b 
BbicoxoropHOM o6cepBaTopnn MooHa-floa, HaxopaLpewca Ha faBawcxwx OcTpoBax. 


EcTecTBeHHO, hto Taxiie >KecTKne m 3 K 30 TMHecKne ycnoBwa npoBepeHwa xanw6poBxw, co3AaiOT HeyAo6cTBa poa 
pa6oTbi MeTponoroB w Ann noBbiweHwa tw6xoctw npopecca MeTponorwnecxoro o6ecneHeHwa Bcero napxa npw6opoB 
M3MepeHna conHenHOw papwapww Aon>xHbi 6biTb pa3pa6oTaHbi HOBbie MeTopwxw xorapbie ocna6wnw 6bi 
3aBncnMOCTb pe3ynbTaTa w3MepeHwa ot Taxwx HecTa6wnbHbix napaMeTpoB, xax WHTerpwpoBaHHaa onTwnecxaa 
TonipwHa hwctow aTMOccfiepbi. Tax xax xanw6poBxa conHenHbix papwoMeTpoB Hepa3pbiBHO CBa3aHO c M3MepeHweM 
BHeaTMOccfiepHOM conHeHHOw paAMapHM, to Taxwe MeTOAwxw no3Bonwnw 6bi Taxwe pernwTb 3aAanw noBbiiueHwa 
tohhoctw w3MepeHwa paAwapwoHHbix noxa3aTenew ConHpa. 
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B HacTonmen ciaibe Mbi m3jio>kmm npeflnaraeMyxr Meraflnxy xann6poBxn nnprennoMeTpoB, b xorapon 
o6ecneHMBaeTCsi He3aBMCMMOCTb nonyneHHbix pe3yabTaTOB ot BennHMHbi S R - MHTerpnpoBaHHon onTMnecxon 
TOJILUMHbl cyxow HMCTOM aTMOCCfiepbl. Taxafl He3aBMCMMOCTb, B HaCTHOCTM 03HaHaeT B03M0>KH0CTb nOBbILUeHMa 
tohhoctm xann6poBxn no 3tom Meraanxe, Tax xax TeopeTMMecxne n axcnepnMeHTanbHbie 3HaHeHnn S R nacTO 
crnibHO pacxoflaica. 

ripeflnaraeTca HOBaa MeTOflMxa ocHOBbiBaeTca Ha BbipaweHnn (1). flonycTMM, hto M3MepeHna conHenHOM 
paanaunn no cfropMyne (1) ocymecTBnneTcn npn flByx onTMnecxnx Maccax T77 l n 777 2 . npn 3 tom 7TI-, =k T7l l . 

YHMTblBan CfcaXTMHeCXyK) 3aBMCMMOCTb T l OT OnTMHeCXOM B03flyiilH0M MaCCbl, MMeeM 



In ( m i) = E () I sc exp\—S R •T L (m l )-m l ], 

I N ( m i ) = E 0 l sc eX P [~ S R ■ T L i kf P )• kf P ] ■ 


Ecnn B03BecTH o6e CTopoHbi ypaBHeHMH (2) b CTeneHb k nonynnM 

I J(m,) = El It exp [- S R ■ T h (m,)• km x \. 


1/13 ypaBHeHMn (3) MMeeM 


8 R ■ T l ( km l )• kn\ = In- 0 ,w; 


1/13 ypaBHeHMn (4) MMeeM 


8 R ■T L (m l )-km l =ln 


I N {kn\) 


E k I k 

o sc 


4W 


C yneTOM BbipaweHnn (5) m (6) MO>xeM nonynnTb 

jPr L {km x ) _ jT l (w { ) jjk-T L {m \) _ jk-T L { mi ) 


o sc 


Ippkm,) Ippm,) 

I/I 3 Bbipa>xeHMn (7) oxoHHaienbHO MMeeM 


/. =-L 


, , , JP .’(»!,) 

kT L (m i )-T L (km 1 )l—N ——- V ' 
J t L( m l ) 


Q (m ' ] (kip) 


( 2 ) 

(3) 

(4) 

(5) 

( 6 ) 

(7) 

( 8 ) 


TaxMM o6pa30M, xax bmaho m 3 nonyneHHoro BbipaweHnn (8) xann6poBOHHan BenMHMHa I He 33BMCMT ot 
noxa3aTenn 8 R , xorapbin TecHO CBH3aH c Bbicoran pacnonoweHnn xann6poBOHHon CTaHpnn. 


Ha ocHOBaHMM nonyHeHHoro pe3ynbTaTa mo>xho npeano>xnTb cneflyxjLnyx) Meraanxy npoBefleHnn xanM6poBXM 
M3MepMTenn conHenHon paflnaunn. 
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1. YCTaHaBJlMBaiOTCH BejlMHMHbl Wtj M = kin { . 

2. ripoBOflaica n3MepeHHH I N (jn l ) m I N (tTl 0 ). 

3. OnpeflenaiOTca 3HaneHMa K03<t>4}npneHTa MyTHOCTM JluHKe 

4. BbiHMcaaeTca BennHMHa / no cfcopMyne (8). 


T lM ” T L {krr\). 


CneflyeT OTMeTMTb, hto aiio onpefleneHna 3HaneHMM KoacfccfiMUMeHTOB MyTHOCTM JlnHKe MoryT 6biTb 
ncnojib30BaHbi HOMorpaMMbi, npnBefleHHbie b [4]. TaK>Ke MoryT 6biTb ncnonb30BaHbi AaHHbie, npnBefleHHbie Ha 
cawie «So Da Service* [5]. 

B 3a«jiiOHeHMe otmbtmm, hto npeanoweHHan MeTOflnxa Taioxe MoweT 6biTb MHTepnpeTHpoBaHa b KanecTBe 
MeTOflMKM M3MepeHHH npflMOM HOpMa/lbHOM paflMapMH COTIHpa, HTO nOflHepKMBaeT HayHHyK) 3HaHHMOCTb 
nojiyneHHbix b HacTonmefi CTaTbe pe3ynbTaTOB. 
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flM3JlEKTPMMECKAfl CBOMCTBA CErHETOSJlEKTPMHECKMX IIJIEHEK 
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ABSTRACT 

The results of studying the frequency and temperature dependences of the dielectric properties and electrical 
conductivity of ferroelectric Ba0.8Sr0.2TiO3 films on alternating electric current are presented. It has been shown 
that in Ba0.8Sr0.2TiO3 ferroelectric films the frequency dependence of electrical conductivity can be explained using 
the multiplet model, which means that the conductivity in these single crystals is characterized by a band-hop 
mechanism. 

Keywords: ferroelectrics, dielectric function, dielectric loss tangent, electrical conductivity, hopping conductivity 

PE3K5ME 

ripnBefleHbi pe3ynbTaTbi MCcneAOBaHMa aacTOTHbix m TeMnepaiypHbix 3aBncnMOCTen AHsnexTpnHecxaa CBoncTBa n 
aneKTponpoBOflHOc™ cemeTOsnexTpnHecxnx nneHex Bao.sSro.2Ti03 Ha nepeiweHHOM anexTpnaecxoM Toxe. 
ll0Ka3aH0, hto b cemeToeneKTpMHecKMX nneHxax Bao.sSro.2Ti03 3aBMCMMOCTb eneicrponpoBOAHOc™ ot nacTOTbi 
mo>kho o6tncHmb npi/i noMomn MynbTMnneTHOM MOAenn, a 3Hanm npoBOAHMOCTb b stmx MOHOxpMCTannax 
xapaKTepn3yeicn 30HH0-npbi>KK0BbiM MexaHM3MOM. 

KjnoneBbie cnoBa: cemeToanexTpMxn, AHsnexTpMaecxaa cfiyHxunn, TaHreHca yrna AHanexTpnHecxnx noiepb, 
anexiponpoBOAHOCT, npbi>xxoBan npoBOAHMOCTb 

BBEflEHME 

B Hacranmee Bpeiwa nepcnexTMBHbiM HanpaBneHHeM pa3Bmnn coBpeMeHHoro MaiepnanoBeAeHMn aBnaeTca 
pa3pa6oTKa HOBbix MHorocfcyHxunoHanbHbix MaTepnanoB. B nocneAHne roAbi HaiweTMnca pe3xnM poci 
nccneAOBaHMM, HanpaBneHHbix Ha pa3pa6oTKy pa3nnaHbix CBM ympoMCTB m aneMeHTOB 3HeproHe3aBncnMon 
naMHTM Ha ocHOBe CTpyxTyp MeTann-AnanexTpnx-nonynpoBOAHnx (Mflll), rAe b xaaecTBe AnanexTpMxa 
ncnojib3yeTcn cemeToanexTpnHecxaa nneHKa [2]. YHMxanbHbie <£n3HHecKne CBOMCTBa cemeToanexTpMHecxMx 
MaiepwanoB (Bbicoxaa AHsnexTpnaecxaa npoHnqaeMOCTb, M3MeHaeiviaa noA AeMCTBMeM BHewHero anexTpMaecxoro 
nona), no3Bonax)T C03AaBaTb Ha nx ocHOBe HOBbiM xnacc cipyicryp MeTann-AnanexTpnx-nonynpoBOAHnx (Mflll) Ana 
ycipoficTB xpaHeHMH n o6pa6oTKM MHcf^opMaqHM, rAe aKTMBHbiM aneMeHTOM aBnaeTca TOHxaa 
cemeT03JieKTpnHecKan nneHxa [1]. 

3HeproHe3aBMCMMbie aneivieHTbi naiwaTn Ha ocHOBe cemeTOsnexTpnHecxnx MaTepnanoB xapaxTepnsyxrrca hm3xmmm 
Toxaiwn noipe6neHna, 6onbWMM ancnoM qnxnoB 3anncn, AnmenbHbiM BpeMeHeM xpaHeHMa AaHHbix, n Bbicoxon 
H3A6>XH0CTbK) XpaHeHMa AaHHbix npi/| B03A6HCTBMM BHeillHMX CfcaXTOpOB. Hai/l6onee nepeneXTMBHbIM BMAOM 
cemeioxepaMMXH Ana npnivieHeHMa b CBM TexHMxe aBnaxrrca TBepAbie pacTBopbi THTaHaTa 6apna-CTpoHqMa (Bai- 
xSr x Ti03 mcm BSTO). B Hacraamee Bpeiwa BSTO xepaivinxa ycneujHO npnivieHaeTca b ycxopmeabHOM TexHMxe: 
4ia30BpaiAaTenM n nepexnxwaTenM 6onbLuoM molahoctm Ana cxeM nmaHMa JiMHeMHbix ycxopnTenen; ynpaBnaeMbie 
ycxopmenbHbie cipyxiypbi c AH3nexipnHecxnM 3anonHeHMeM. 

TBepAbie pacTBopbi Bai- x Sr x Ti03 o6naAaiOT cemeTosnexTpnHecxMMn CBOMCTBaMn npn xoMHaTHOM TeMnepaType m 
A nanexTpnaecxaa nocraaHHaa tohxmx nneHOx, b OTnnane ot o6b>eMHoro Maiepaana, ociaeica AOCTaTOHHO 
Bbicoxon n Hen3MeHHOM b wnpoxoM Anana30He TeMnepaTyp. CpeAH TBepAbix pacTBopoB BSTO cociaB 
Bao.8Sro.2Ti03 OTnnaaeTca HaHMeHbWHM pa3MbiTneM cipyxiypHoro cfia30Boro nepexoAa, hto AenaeT era Han6onee 
yAo6HbiM MaTepwanoM Ana npoMbinmeHHoro npon3BOACTBa xoHASHcaTopoB HHTerpanbHbix MHxpocxeM n APyron 
MMXPO- M HaHOCHCTeMHOM TeXHMXM. 

1/lccneAOBaHna anexTpoHHbix cbomctb cemeT03nexTpnHecxnx nneHOx 3aHMMaiOT b nocneAHwe AecaTnne™a oaho 
m 3 qeHTpanbHbix MecT b cfiM3Mxe xoHAOHCMpoBaHHoro cocToaHMa BemecTBa. KoivmnexcHbie MCcneAOBaHMa 
xepaMMxa BSTO c penbro coBepmeHCTBOBaHMe TexHonorMM M3roTOBneHMa MaTepnana c 33AaHHbiMM 
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xapaKTepucTMKaMM n BOJiHOBeflymux CTpyKTyp Ha era ocHOBe npeACTaBnatOTca BecbMa aKTyanbHbiMn. npn 
npoeKTMpoBaHMH Mfln-CTpyKTyp Ha ocHOBe cemeTOsneKTpnaecKnx M3onnpyiOLAHX naeHOK Heo6xoflMMO MMeib 
MHCfcopMapMIO 06 MX CBOMCTBaX! TeMnepaTypHOM M HaCTOTHOM 3aBMCMMOCTHX AeMCTBMTenbHOM (s') M MHMMOM (s") 
aacTen KOMnjieKCHOM AMaaeKTpMHecKOM npoHnpaeMOCTn (s), TaHreHce yma AHsneKTpnaecKnx noiepb (tg§), 
aneKTponpoBOflHOCTM npn nocToaHHOM (adc) m nepeiweHHOM (aac) sneKTpnaecKnx nonax, a Taioxe o 
3aKOHOMepHOCTax M3MeHeHMH 3 tmx napaMeipoB b npopecceycTaHOBaeHMH MaxcnMaabHO bo3mo>khom nonapn3apnn. 
B ashhom pa6oie 6ypyT nccneAOBaHbi 3aBMCMMOCTM yKa3aHHbix Bbiiue 3neKTpoc|)n3naecKnx cbomctb 
cemeTOSiieKTpMHecKMX naeHOK cociaBa Bao.sSro.2Ti03 ot aacTOTbi m TeMnepaiypbi. 

MeTOAMKa SKcnepnMeHTa 

CemeToaneKTpnaecKne naeHKM cociaBa Bao.sSro.2Ti03 (BSTO) nonyaeHbi MeTOAOM BbicoKoaacTOTHoro peaKTMBHoro 
pacnbmeHMH KepaMnaecKon MnweHn b aTMOccfiepe KncnopoAa Ha yciaHOBKe nilA3MA-50 C3 no MeraAMKe, 
npeACTaBJieHHOM b pa6oie [4]. B KaaecTBe nopaoKeK Mcnoab30BaH KpeMHnn c KpncTannorpacfcnHecKon 
opneHTapnen [100]. Ebmn M3roTOBneHbi pBe Mfln dpyKTypbi Ha KpeMHnn p-TMna (3KflB, 4KflB) m pBe Mfln 
dpyKTypbi Ha KpeMHnn n-mna (3K30, 4K30). Ilpn cxownx TexHonornaecKnx pe>KMMax cemeTOsneKTpnaecKaH 
naeHKa Ha nopao>KKn 4K30 n 4KflB HaHOcnnacb b TeaeHne 15 mmh, a Ha nopao>KKn 3K30 n 3KflB b TeaeHne 20 
mmh. ToaiAHHa nopao>KeK 200 ± 2 pm. OcHOBHaa npea MeTOAa coctomt b ncnonb30BaHnn Hn3KOTeMnepaiypHon 
KncaopoAHon nna3Mbi b KaaecTBe cpeAbi, rAe OKncnnTeabHbin npopecc npn oca>KAeHnn npeo6naAaeT HaA 
BOCCTaHOBHTeabHbiM. OcHOBHbiM npenMyipecTBOM MeTOAa aBaaeTca B03MO>KHOCTb HanbmeHna cipyKTypHO- 
coBepnieHHbix cemeTOsaeKTpnHecKnx naeHOK c coxpaHeHneM CTexnoMeTpnn no Kncnopopy. 

PeHTreHOAnctipaKpnoHHoe nccnepoBaHne noKa3ano, hto Ana Bcex nccneAOBaHHbix naeHOK Ha6mopanocb 
napannenbHoe pacnonoweHne ocen naeHKM n nopao>KKn b naocKOdn conpa>KeHna, T.e. [100]BSTO||[100]p-S/. 
KoHTaKTbi cfiopMnpoBaancb saeKTpoHHoayaeBbiM MeTOAOM aepe3 TeHeByio MacKy. B KaaecTBe Maiepnaaa 
OMnaecKoro KOHTaKTa ncnoab30Baaocb 3oaoTO, oOnapaioipee Hanayaiiien apre3nen k naeHKe. riaoLAaAb KOHTaKTOB 
cocTaBaaaa 2,7*10‘ 4 cm 2 , ToaiAMHa 0,1 pm. npepBapnTenbHbie pe3yabiaTbi nccaepoBaHnn noKa3aan, hto pan 
<£opMnpoBaHMH cemeTOsaeKTpnaecKnx naeHOK cociaBa Bao.sSro.2Ti03 Ha KpeMHneBbix noAao>KKax Han6oaee 
npeAnoHTMTeabHbi cnepyiOLAne TexHonornaecKne pewnMbi: molahoctb BM-paspapa 230 Bt; TeMaepaiypa aoAao>KKn 
596°C, AaBaeHne KncaopoAa bo BpeMa npopecca HanbmeHna 60 11a; paccioaHne MnweHb—nopno>KKa 10 mm. Ilpn 
TaKnx ycaoBnax HanbmeHna CKopodb pocia naeHKM cociaBaaeT 1,8 — 2,0 hm/mmh. 

l/l3MepeHna aneKTpnaecKnx cbomctb npoBOAnancb c noMOLpbio pncfipoBbix M3MepnTeaen MMMMTaHca E7-20 
(aacTOTbi 25-10 6 l~p). 3 tot npn6op, pa6oTaiOLAnn no moctobom cxeMe, no3BoaaeT npoBOAMTb M3MepeHna MOAyaa 
noaHoro coapoTMBaeHna penn |Z|, eMKOCTn C n yraa cnABnra <£a3 Me>KAy tokom n HapaweHnaM b wnpoKOM 
Anana30He aacTOT. flaa aneKTpnaecKnx M3MepeHnn 6bian M3TOTOBaeHbi o6pa3pbi m 3 cemeToaaeKTpnaecKnx naeHOK 
Bao.8Sro.2Ti03 Ha KpeMHneBbix nopno>KKax b Bnpe naocKnx KOHpeHcaTopoB. B KaaecTBe o6KnapoK 6biaa 
ncaoab30BaHa cepe6paHaa aacTa.flnaaa30H aacTOT nepeMeHHoro aneKTpnaecKoro aoaa cocTaBaaa 25 -10 6 l"p. Ha 
o6pa3ep nopaBaaocb HanpaweHne 1 B. 3HaaeHna AencTBMTenbHon n mhmmom aacTen AnaneKTpnaecKon 
npoHnpaeMOCTn paccanTbiBaancb, ncxopa m 3 ToaipnHbi cemeTOsaeKTpnaecKon aaeHKn d, nnoLpapn KOHTaKTa S no 
cfiopMyae pan naocKoro KOHAeHcaTopa s' = —, s'W'tgA.BennanHa aneKTponpoBopHOCTn a oapeAeaaaacb KaK a = 

s 

— , rpe R (Om) - coapoTMBaeHne o6pa3pa. 

Pe3ynbTaTbi n nx o6cy>KAeHMH 

Ha pnc. 1 n 2 apeACTaBaeHbi 3aBncnMOCTM e' n tg8 ot aacTOTbi. flaa o6pa3pa 3K30 BeananHa s' apn 25 Tp paBHa 
637, a apn IMrp 116 (KpnBaa 1). Pa3Hnpa cocTaBaaeT As'=521, a nx cooTHomeHne ~5,5 pa3. M3MeHeHne TaHreHca 
yraa AnaJieKTpnaecKnx noiepb pna o6pa3pa 3K30 paBHO Atg5=1,61, a cooTHomeHne ~48 pa3. B pa6oTax [5] 
noKa3aHO, ara Ha BeananHy tg5 BanaiOT pa3anaHbie MexaHM3Mbi pacceaHna; yaeT KOTopbix Bax<eH npn 
nccnepoBaHnn n pa3pa6oTKe CBH-ycTponcTB c hm3kmmm noiepaMM. Ha6aiOAaeMbie Ha pnc.1 n pnc. 2 
peaaKcapnoHHaa MaKCMMyMbi, stm MoryT 6biTb CBa3aHbi co cnoHTaHHon noaapn3apnen. flaa s' n tg§ xapaKTepHO 
CHnweHne 3HaaeHnn npn 
yBeanaeHnn aacTOTbi. 



om nacmomu: 1 -3K3&,2-3K r L(E,3-4K3@, 4- 
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CneflyeT OTMeimb, hto Bee neibipe uccneflyeMbix o6pa3qa xapaxTepn3ytOTca o6lmhm cbomctbom: B03pacTaHne 
npoBOflMMOCTM c pocTOM HacTOTbi. Ha puc. 3 b abomhom JiorapuctiMMHecKOM MaciuTa6e noxasaHa 

33bhcmMO db anexTponpoBOAHOc™ ot HacTOTbi Ana o6pa3qoB 3K30, 3KflB, 4K30 m 4KflB. Y Bcex o6pa3poB 
Ha6ruoAaK>TCsi Asa JiMHenHbix ynacTxa, hto CBnAeTeobCTByeT o CTeneHHon 3aBncnMOCTM npoBOAMMOCTu ot 
H acTOTbi. ComacHO [5], anexTponpoBOAHOCTb o6pa3qoB npn nepeMeHHOM HanpaweHMM npeACTaBnaeTca xax 
cyMMapHbiM acfccfcexT npoBOAMMOc™, o6ycnoBneHHbiM MurpapneM nepeHOCOM 3apaAa m HacTOTHO-MHAypupoBaHHOM 
AnajieKTpviHecKOM AncnepcnePi, m onwcbiBaeTca BbipaxeHneM: 

aac(co)=adc+Aco s (a(co)=Cco s ), (1) 



Puc.3.3aeucuMocmb dJiexmponpoeodHocmu om nacmombi: 1- 
3K30, 2-3K/JE, 3-4K3®, 4-4KflE. 

rAe adc - npoBOAMMOCTb no nocTonHHOMy Toxy, co=27tv - yrnoBaa nacTOTa, A - nocToaHHaa, 3aBncamaa ot 
TeMnepaTypbi T, s-napaiweTp, onpeAenaeMbiti MexaHH3MOM npoBOAnMOCTn n 3aBMcamnn ot TeMnepaTypbi n 
HacTOTbi npnnoweHHoro aneKTpnHecKoro nona. l/l3BecTHO, hto Ana CTpyKTypHO-HeoAHopoAHbix TBepAbix Ten 
aneKTpnnecKne CBoncTBa Ha nepeMeHHOM raxe o6naAaiOT onpeAeneHHon CTeneHbro o6lahocth. Kax npaBimo [6], 
Ann BSTO xepaM mxm 0<s< 1. Hannaae nMHefiHbix ynacTxoB b 3aBncnMOCTM anexTponpoBOAHOCTn (Iqa) ot HacTOTbi 
(Iqv), comacHO [7] roBopuT o npbi>xxoBOM MexaHM3Me nepeHOca 3apaAa. M3 pno. 3 bhaho, hto Ana Bcex o6pa3qoB 
Ha o6omx ynacTxax napaMeTp s<1, hto yxa3biBaeT Ha HariMHHe HeoMnnecxoro nepeHOca 3apaAa. 
flna Bcex o6pa3qoB, Bbinie onpeAeneHHon xpHTnnecxoPi HacTOTbi v c , o6nacTb cpaBHHTenbHO cna6oM 3aBncnMOc™ 
CTac (I ynacTOx) nepexoAHT x 6onee cnnbHofi o6nacTM (II ynacTOx). CooTBeTCTByxDLAne 3HaneHna v c h napaMeTpa s, 
onpeAeneHbi no HaxnoHy nriHeMHbix ynacTXOB lqa a c xax <t>yHxqna Iqv (pno. 3). I ynacTOx: 3K30 s=0,04, 3KflB s=0,02, 
4K30 s=0,006, 4KflB s=0,02;liyHacTOx 3K30 s=0,16, 3KflB s=0,14, 4K30 s=0,17, 4KflB s=0,16. CTeneHHaa 
3aBncnMOCTb (1) yxa3biBaeT Ha npbi>xxoBbiM xapaxTep TpaHcnopTa, npnneM Taxaa 3aBncnMOCTb nacra CBa3biBaeTca 
c npbi>xxaMn anexTpoHOB no c ynacTMeM cJjohohob (penaxcaqMOHHaa npoBOAMMOCTb [8]).M3BecTHO [6, 7], hto 
anexTponpoBOAHOCTb BnwaeT Ha AOMeHHyx) CTpyxTypy cemeToanexTpnxoB. B nacTHOc™, nonyneHMe 
OAHOAOMeHHbix xpwcTannoB o6ycnoBneHO xoHxypeHuneri Mex<Ay cxopocTbK) pocTa cemeToanexTpnHecxon (fc>a3bi v\ 
n3MeHeHneM xoHqeHTpaqMH CBo6oAHbix HOCMTenevi 3apaAa npw nepexoAe xpucranna M3 napa b 
cemeToanexTpMHecxyra o6nacTb. llepecTponxa aomohob npri HanoxeHMM BHeniHero anexTpHnecxoro nona Tax>xe 
CBa3aHa c nepeTexaHweM HoenTenen 3apaAa no o6teMy cemeTnxa. lloaTOMy, anexTponpoBOAHOCTb M3onnpyioiAero 
cnoa, xax cfcaxTop, onMCbiBaroiAMM nepeMemeHne no araMy npoMe>xyTxy HOCMTenew 3apaAa, npeACTaBnaeT nHTepec 
c tohxm 3peHna pe3X0CTM nepexoAa x nonHOi/i nonapn3aunn npvi yBenwHeHHM BHeiuHero anexTpHnecxoro nona [8]. 
OTMeTMM, hto ecm/i noBepxHOCTHbiM 3apaA rpaHMHHbix Annonea MO>xeT 6biTb cxoMneHCwpoBaH CBo6oAHbiMM 
3apaAaMn, to co3Aax)Tca Heo6xoAHMbie ycnoBna Ana o6pa30BaHna OAHOAOMeHHoro xpHCTanna. 
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Ha pac.4 npeflCTaBaeHa 3aBMCMMOCTb aneiaponpoBOAHOCTM ot TeMnepaiypbi Ana o6pa3pa 3K30. Oa30Bbia 
nepexofl Ana ashhoto o6teKTa Ha6moAaeTcn b bhas CKaaKa a npa TeMnepaiype 120°C (noxanbHbia MaxcaMyM). 
TeMnepaTypHbie 3aBacaMOCTa aneiaponpoBOAHOCTM (Igu) o6biaHO npeACTaBnmoT co6oa axcnoHeHTbi, Korapbie 
xapaKTepHbi Ana tom mom mhom o6nacTa. V\HOvpa HabmoAatOTcn H3noMbi naHeaHbix 3aBacaMOCTea, hto CBa3aHO c 
M3MeHeHMeM aHeprMM aKTMBaqMM. SneKTpoHHaa aneicrponpoBOAHOCTb arpaeT oaeHb Baxmyro ponb b npopecce 
nepeHOca aneKTpMaecKoro 3apaAa b AnaneicrpaKax [9] b tom aacne.cemeToaneKTpaKax cocTaBa BaSrTi 03 , MMeeTca 
aneKTpoHHaa npoBOAMMOCTb. CBa3b cfia30Boro nepexoAa b AaaneKTpMKe co npbi>KKOBbiM MexaHM3MOM 
aaeKTpoHHOM npoBOAMMOCTM MOweT MMeTb pa30MHHbie o6tacHeHMa. B HexoTopbix cayaaax Taxae nepexoAbi 
o6tacHaiOTca HeycTOMHMBOCTbio anexTpoHHoro cnexTpa AnanexTpaxoB, b xorapbix HabmoAaeTca npbi>xxoBbiM 
nepeHOC. 06bNHO npa cfia30B0M nepexoAe BMecTO npbi>xxoBbiM tipoboammoctm B03HaxaeT BecbMa BbicoKaa 
noaapa3yeMOCTb m noBbiiueHHaa AnanexTpaaecxan npoHapaeMOCTb. Ecna npbi>KKOBaa npoBOAMMOCTb MMeeT 
anexTpoHHyro npapoAy, to, ohobmaho, hto OHa CBa3aHa c cfiyHAaMeHTanbHbiM M3MeHeHaeM anexTpoHHoro cnexTpa 
xpamranna [6,8]. B o6pa3pe 3K30 b paaoHe tohkm Kropay npoBOAMMOCTM Ha6moAaeTcn aHOManan (T=120°C, 
pac.4) aaeKTponpoBOAHOCTM. ripa nepexoAe m cemeToanexTpaaecxoa b napaanexTpaaecxyio <£a3y 
aaeKTponpoBOAHOCTb yMeHbiuaeTca, a aHepraa axTaBapaa yBenaaaBaeTCsr 



Puc. 4 . 3 aeucuMocmb 'xieKinponpoaodiiocmu (Igcr) 
om meMnepamypbi (l/T) dm oOpajua 3 K 3 &. 


3AKJ1K5HEHME 

npa hm3kmx aacTOTax npano>xeHHoro Hanpa>xeHMa Bee CBo6oAHbie AOMeHbi b MCcneAyeMbix o6pa3pax nerxo 
opMeHTMpyKDTca no nonro m cneBaiOT nepecTpaMBaTbca, o6ycnoBJiMBaa Bbicoxae 3HaaeHMa AnanexTpaaecxoa 
npoHMpaeMOCTM m TaHreHca yma AnanexTpaaecxax noTepb. npa BbicoxMx aacTOTax AOMeHbi He ycneBaxrr 
pearapoBaTb Ha nepeMeHHbia TecTapytoiAMM caman, noaraMy ax acfccfcexTMBHafl AnaJiexTpaaecxaH npoHapaeMOCTb 
yMeHbLuaeTca. M3 aHana3a 3aBacaMOCTea AnanexTpaaecxax napaMeTpoB accneAyeMbix o6pa3qoB ot 
T eMnepaTypu npa pe>xaMe HarpeB-oxna>KAeHMe Ha6moAaeMbie noxanbHbie MaxcaMyMbi o6pa3ytOTca 3a caeT 
AecfieKTOB. 
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ABSTRACT 

The author of the article is the study of the available methods of diagnosing diabetes with the help of modern 
biomedical equipment. The article analyzes the main methods for determining the level of sugar using biomedical 
tools. According to the results of the study, the main ways of further improving the diagnosis of blood sugar using 
biomedical equipment are outlined. 

Keywords: Diabetes diagnostics, biomedical equipment, non-invasive equipment, optical methods, visual systems. 

PE3K5ME 

Abtopom CTaTbn CTaHOBMTca MCcneAOBaHnn mmsiolamxch TexHOornn AnamocTMKM caxapHoro Ana6eia c noMOLAbio 
coBpeMeHHoro 6noMeAnunHCKoro o6opyAOBaHna. B CTaibe npoBeAeH ananm ocHOBHbix MeTOAOB onpeAeneHna 
ypoBHa caxapa c ncnojib30BaHneM 6noMeAMUMHCKnx cpeACTB. no pe3ynbTaTaM nccneAOBaHna HaMeaeHbi 
ocHOBHbie nym AanbHenwero coBepweHCTBOBaHna AnamocTMKM caxapa b kpobm c noMOLAbio 6noMeAnuMHCKoro 
o6opyAOBaHna. 

KnhoneBbie cxiOBa: flumocTMKa Ana 6 eia, 6 noMeAMUMHCKoe o 6 opyAOBaHne, HenHBe 3 HBHoe o 6 opyAOBaHne, 
omnHecKne MeTOAbi, BM3yanbHbie cncieMbi. 

XULAS0 

Maqalenin muallifi muasir biomedikal avadanliqlarin komayi ile diabetin diaqnostikasi usullarini oyrenmakdir. 
Maqalada biomedikal vasitalardan istifada edarak §akarin saviyyasinin muayyanla§dirilmasinin asas usullari tahlil 
edilir. Ara§dirmanin naticalarina gora biomedikal avadanliqdan istifada edarak qan §akari diaqnozunun daha da 
yax§ila§dirilmasinin asas usullari tasvir edilmi§dir. 

A$ar sozlar: Diabet diaqnostikasi, biomedikal avadanliq, qeyri-invaziv avadanliq, optik usullar, vizual sistemlar. 

Ha coBpeMeHHOM aiane pa3BMTMa o6iAecTBa oahom m 3 ocipbix npo6neM bo BceM Mnpe aBnaeica npo6neivia 
caxapHoro Ana6eia. Yx<e cewnac okojio 380 mjih. aenoBeK cipaAaeT ot stom TawenoM 6one3HM. K cowaneHMio b 
6nn>KaMiiiee BpeMa aia qMcfcpa MOweT yABOMTbca. flna npeAynpe>KAeHMa v\ neaeHMa Ana6eTa Heo6xoAHM 
nocToaHHbiM Komponb ypoBHa caxapa b kpobm. lloaTOMy oco6bm MHTepec npeAdaBnaiOT coBpeivieHHbie 
pa3pa6oTKM npM6opoB, cnoco6Hbix o6ecneaMTb 6one3HeHHbie M3MepeHMa ypoBHa caxapa b kpobm. HaM6onee 
nepcneKTMBHbiMM aBnaeica pa3pa6oTKM HeMHBe3MBHbix CMCTeM nodoaHHoro MOHMTopMHra ypoBHa mi0K03bi b 
kpobm, AaeT B03M0>KH0CTb MMeTb nonHyio MHcfcopMaunio o xapaKTepHbix Ana napMeHTa nepMOAax onacHoro 
M3MepeHMa KOHuempauMM rnt0K03bi b kpobm m Ha stom ocHOBe Bbi6paTb npaBnnbHbin cnoco6 neaeHna 6one3HM. [1 
dp. 12] 

Bee cyiAecTByiOLAMe b Hadoamee BpeMa npM6opbi Ana M3MepeHMa ypoBHa mi0K03bi b kpobm Aenaica Ha tpm 
rpynnbi: MHBe3MBHbie, MMHMManbHO MHBe3MBHbie m HeMHBe3MBHbie. 

HHBe3MBHbie npM6opbl MIVieiOT CpaBHMTeilbHO HM3KyiO CTOMMOCTb M ASIOT Han6onee TOHHbie pe3yilbTaTbl. 
ripMHAMnbi AeMCTBMH TOHHbix npM6opoB 0AMH3K0B m cboamtch k 3a6opy o6pa3qa KpOBM c qenbio era 
nocneAyioiAero aHariM3a. KoHueHTpauMio rni0K03bi b kpobm M3MepaiOT c noMOLAbio Ted nonocoK, nn6o c noMOLUbio 
6MOceHCopoB. CoBpeivieHHbie npM6opbi no3BonaiOT 6paib Ana aHann3a He6onbLiJoe KonnaecTBO kpobm (3-6-mkji) m 
3a6op 6e36one3eHeH Ha stot MeTOA He oaeHb yA 06 eH Ana nodoaHHoro KOHTpona ypoBHa mi0K03bi b kpobm. [2 
cip.32] 

MMHMManbHO MHBe3MBHbie npM6opbl n03B0nai0T npOBOAMTb aHailM3 BHyTpMTKaHeBOM >KMAKOCTM MMHMManbHO 
noBpex<Aaa Kowy. 3ia rpynna npn6opoB omnaaeTca ot cnoco6a 3a6opa MaTepnana. Mo>kho npMMeHaTb m 
ynbipa3ByK hm3kom aacTOTbi Hnwe 100 Krq, KorapbiM AenaeT Ha HeKorapoe BpeMa Kowy 6onee npoHnqaTenbHon. 
PaqMOHanbHO co3Aaib Ha koas MMKponopbi cocpeAOToaeHHbiM na3epHbiM nyaoM m noTOM ocyiAecTBnaib c6op 
TpaHCMeM6paHHOM >kmakoctm Mcnonb3ya HenpepbiBHoe BaKyyMHoe Ha AaHHbin momcht TonbKO aeTbipe MMHMManbHO 
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MHBe3HBHbie CMCTeMbl nOCTOHHHOrO MOHMTOpMHra ypOBHa rjlKDK03bl B KpOBH yflOBJieTBOpaiOT Tpe 60 BaHMa FDA. [3 
cip.62] 3 to CMCTeMbl nocToaHHoro MOHMTOpMHra miOK03bi «ronfl», «ryapAnaH TeneMeiepefl», «rnK>xoA3M», 
«rjiiOKOBOTH fl>KM 2 BaMorpac{)ep» pa6oTaiOLAMM Ha ocHOBe o6paTHoro MOHOi£ope3a. 

HeMHBe3MBHbie npn6opbi npoM3BOAaT M3MepeHMH 6e36oae3HeHHO m He TpaBMMpyeT KO>Ky. Ba>KHbiMM 
XapaKTepMCTMKaMM TaKMX CMCTeM aBnaiOTCa TOHHOCTb M pa60HMM flMana30H. TOHHOCTb HeKOTOpbIX HeMHBM3MBHblX 
CMCTeM noflBepweHa bjimhhmio Taxax cfcaxTopoB, xax noBbiweHMe TeMnepaTypu Teaa xax oxpyxotoiAeM cpeflbi, 
noTOOTfleneHMH m APyroro. CornacHO cyiAecTByiOLAMM CTaHAapiaM CE m FDA. flonycTMMbie norpeniHOCTM 
M3MepeHMH 3TMX CMCTeM He AOTDKHbl npeBblLLiaTb 15 %. CyiAeCTByiOLAMe MeTOAbl HeMHBe3MBHOrO M3MepeHMH 
ypOBHH mi0K03bl B KpOBM MO>KHO pa3ASTIMTb Ha ABa 60TlbLUMX KJiaCCa - C MCn0Jlb30BaHMeM M 6e3 MCn0flb30BaHMH 
BHeiiiHero bo3agmctbmh. 

1/lHorAa b xanecTBe BHeiuHero bo3A6mctbmh Mcnonb3yeTca snexTpoMamMTHoe M3JiyHeHMe m aHanM3MpyeTca 
pe3yabTaT era bo3A6mctbmh c o6nyHeHHOM nacTbio Teaa. ripn stom Heo6xoAMMO 3HaTb OTaMHMTeabHbie 
xapaKTepMCTMKM TKaHeM, a Tax>xe BnMaHMe rai0K03bi MoryT BnaaTb Ha npoweAWMe Man OTpaweHHbie cnmaabi 3a 
cneT M3MepeHMa nomoLueHMa CBeTa b Hexorapbix Aaana30Hax aomh BoaH. 

AHaaM3 npoiiieALuero m OTpaxeHHoro ot TxaHePi MHcfcpaxpacHoro M3nyaeHMa. 

B 3tom o6aacTM pa6oTaaM HecxoabKO rpynn MccneAOBaTeaeM. noayneHHbie in viko pe3yabTaTbi He no3Bonax)T 
Mcnoab30BaTb onTMMaabHbie MeraAbi Ana tohhhx M3MepeHMM ypoBHa raiOK03bi b kpobm. 

MexaHMaecxaa CTMMynapMa TxaHea. B stom MeTOAS paccMaTpMBaeTca cnexTp npoweAwero nepe3 xaxyx) am6o 
nacTb Teaa M3nyneHMa. l/l3MepeHMa npoM3BOAaTca 3a caeT oxaTMa o6teMa xpoBM. l/l3MepeHMa npoM3BOAaTca apa 
pa3Hbix AaBaeHMax, caMTaeTca, to hto 3a caeT aoayaeHHbix tbkmm o6pa30M AaHHbix mo>kho CKOMneHCMpoBaTb 
BxaaA TKaHeM b pacnpocTpaHeHMe CMmaaa. 

AHaaM3 pacceaHHoro CBeTa - M3o6peTeHMe ronorpacfiMHecKMx onTMaecKMX saeMeHTOB m npM6opoB c 3apaAOBOM 
CBa3bio, a Tax>xe HOBbie M3o6peTeHMa b o6aacTM annapaTHoro o6ecneaeHMa m MeTOAax aHaaM3a AaHHbix 
o6ecneaMBaiOT HaMMeHbniMM npeAea astckamm caa6oro pacceaHHoro PoMaHOBCxoro M3ayaeHMa, cpaBHMMoro c 
ApyrMMM cneKTpocKonMaecKMMM MeTOAaMM. [4 CTp.165] PoMaHOBCKMe noaocbi cnepMcfiMHHbi k MonexynapHOM 
CTpyKType rai0K03bi, a PoMaHOBCKOM cnexTpe Ha6aiOAaiOTca cfcyHAaMeHTanbHbie BM6papMM m TaxMM o6pa30M stot 
M eTOA caMTaeTca 6oaee TOHHbiM. Mo>kho M3MepaTb xoHpeHTpauMio rai0K03bi b AepMe. flepMa coasp>kmt xoporno 
pa3BMTyio CMCTeMy xanMnnapoB; caMTaeTca, hto coAep>KMMoe rai0K03bi b AepMe xoppenapyeT c xoHpeHTpauMeM b 
M e>KKaeTOHHOM >kmakoctm. B 3tom MeTOAe Mcaoab3yiOTca Aea oaTOBoaoxoHHbix >KryTa: aepe3 oamh xo>xa 
ocBeLAaeTca CBeTOM, a APyroM nepeAaeT pacceaHHoe M3ayaeHMa Ha AeTexrap 6biao npoBeAeHO MOAenapoBaHMe 
pacnpocTpaHeHMa M3ayaeHMa c noMOLAbK) MeTOAa MoHTe Kapao. Pe3yabTaTbi MOAeaMpoBaHMa noxa3aaM, hto b 
AM aaa30He aomh booh ot 1500 ao 1600 mm AnMHa apoMA®HHoro CBeTOM ayTM oxa3aaacb ot 1.3 ao 2 mm, a stoto 

A0CT3T0HH0 A™ OpeHKM ypOBHH TaiOK03bl. 

H3MepeHHMa b 6nM>xaMLueM HK -flMana30He cnexTpa - stot MeTOA aBaaeTca 6oaee HyBCTBMTeabHbiM, neM 
caexTpaabHbie MeraAbi, m MMeeT noTeHUMan Ana HeMHBe3MBHbix M3MepeHMM ypoBHa rax)K03bi b kpobm. MeTOA 
ocHOBaH Ha cnoco6HOCTM raiOK03bi onpeAeaaTb HaM6onbWMe M3MepeHMa pBeTa. Mcnonb3yeTca wmpokmm Aaana30H 
AHMH BOaH, Cf3MabTpOB M AeTeKTOpOB. 

MyBCTBMTeabHOCTb BM3yaabHofi CMCTeMbi.ratoxo3a HaxoAaLuaaca b kpobm, AOCTaBaaeTca xo BceM TxaHaM aepe3 
AMpxyaapHyio CMCTeMy m Heo6xoAMMa Ana MeTOAonomaecxoM m aaexTpoxMMMHecxoM axTMBHOCTM TxaHea. 
Oco6eHHOCTbio ceTaaTKM aBaaeTca to, hto OHa pacxoAyeT miOK03y nponoppMOHanbHO xoaMnecTBy 
npMCyTCTByiOLASM raiOK03bl B KPOBM apMBOAaT K 3aMeTHblM S^CfieKTaM BM3yanbHOM CMCTeMbl. B03MO>KHOCTb 
mhambmas nyBCTBOBaTb oapeAeaeHHbie TMabi BM3yaabHbix CTMMyaoB MeHaeTca c M3MeHeHMeM xoHpeHTpauMM b 
xpoBM. MyBCTBMTeabHOCTb BM3yaabHOM CMCTeMbl MeHaeTca c M3MeHeHMeM ypoBHa rax)K03bi b kpobm. flaa toto 
HTo6bi y3HaTb HyBCTBMTeabHOCTb BM3yaabHOM CMCTeMbl x apxocTM, Heo6xoAMMO Ana ashhom apxocTM onpeAeaMTb 
noporoByio aacTOTy MOAyaapMM CBeTOBoro nynxa, npM kotopom nenoBex y>xe He 3aMenaeT MeppaHMa MCTOHHMxa 
CBeTa. Cpa3y 3a mctohhmkom CBeTa pacnoaaraeTca ycTpoMCTBO Ana aMnnMTypHOM MopynapMM CBeTa. B 
npocTeMiiieM cayaae sto BpaLpaKripMe aonacTM, Heo6xoAMMbie Ana npepbiBaHMa CBeTOBoro noTOxa. ripa Maabix 
aacTOTax MOAynapMM aeaoBex caoco6eH pacao3HaTb npepbiBaHMe CBeTa, a c yBeaMaeHMeM aacTOTbi b xaxoM to 
MOMeHT BpeMeHM oh nepecTaeT Ha6nx5AaTb sto npepbiBaHMe xa>xAOM KOHpeHTpapMM raxDX03bi b kpobm 
cooTBeTCTByeT xoM6MHapMa 3HaaeHMM apxocTM noporoBaa aacTOTa MOAynapMM. ripM6op Ha ocHOBe stoto MeTOAa 
peaaM3yeTca xax ycTpoMCTBO onpeAeaaiOLAee Aaana30H, b kotopom HaxoAMTca KOHpeHTpapMa raiOK03bi b kpobm 
noab30BaTeaa. flaa 3Toro Bbi6MpaeTca mxaaa 6a30Bbix 3HaaeHMM ypoBHa rntoxo3bi b kpobm m apoxoAa no hmm 
nocaeAOBaTeabHO ot 6onee hm3kmx 3HaaeHMM x 6onee BbicoxMM, onpeAeaaiOTca pea coceAHMx 3HaaeHMa, Ana 
nepBoro m3 xorapbix nonb30BaTenb 3aMeaaeT npepbiBaHMe CBeTa, a nocaeAyioiAMX y>xe HeT. 

FlAepHO-MarHMTHblM pe30HaHC - KOHpeHTpapMIO raiOK03bl MO>KHO OpeHMTb, CHMMaa aAOpHO-MaTHMTHblM pe30HaHC - 
cnexTp yaacTxa Teaa. 

B 3tom MeTOAe npeAnoaaraeTca paccMaTpMBaTb aAepHO-MamMTHbiM pe30HaHC yaacTxa Teaa m pe30HaHC 
CTapMOHapHoro BeLpecTBa, HanpnMep pe30HaHC Bopbi, xoppeaMpyeT c KOHpeHTpapMePi rmoxo3bi b kpobm takmm 
06pa30M, Ha OCHOBaHMM 3T0T0 OTHOLUeHMa M pecfiepeHTHblX AaHHbix OpeHMBaHMa KOHpeHTpapMM miOK03bl B KpOBM. 
KoMnaHMa «KaaMCTO MeAMxaa» pa3pa6oTaaa npM6op «rmoxo63HA» Ha ocHOBe 6M03aexTpo-MamMTHoro 
pe30HaHca. TexHoaorMa ocHOBaHa Ha AeTexpMM M3MepeHMa saexTpMHecxoro MMnyabca Teaa aeaoBexa c noMOipbio 
npMao>xeHHoro M3BHe cnepMC^MHHOM x mK)xo3e aaexTpoMamMTHOM BoaHbi. B ocHOBe MeTOAa ae>KMT caeAyioiAMe 
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nonoxeHMa: 1.Ka>xpoPi KOHpeHTpapMM pacTBopa rmoxo3bi cooTBeTCTByeT yHMxanbHaa anexTpoMamMTHaa 
MonexynapHaa caMOOcpennMpyiOLpaa BOiiHa; 2.Korpa m BHe k yaacTxy rena npMxnapbiBaeraa anexTpoMamMTHaa 
BOJiHa, coBnapaioipaa c cooTBeTCTBytoipePi KOHpeHTpapMeM rmoxo3bi b kpobm bojihom, to npoMexopMT aBneHMe 
6MoajieKTpo-MammHbiM pe30HaHc; 3.B cnepcTBMe araro aBneHMa nponcxopMT M3MeHeHMe anexTpMHecxoro 
MMnepaHca. 

CymecTBytOT Meraflbi opeHKM ypoBHa mtOK03bi b kpobm no KOHpeHTpapMM mroxo3bi b eciecTBeHHO BbiBopMMbix 
n3 opraHM3Ma wMpxocreM (cne3bi, cniOHa, Mona). OpHaxo a™ Merapbi He nopxopaT Ana nocraaHHoro MOHmopHHra 
ypoBHa rnK)K03bi b kpobm m pa>xe npM pa30Bbix M3MepeHMax CBa3aHbi c HexoropbiMM HeyAo6dBaMM. 

Teno aenoBexa M3nyaaeT aneKTpoMamMTHbie bojihu MMKpoMeipoBOM pnMHbi. 3to n3nyaeHne coasp>kmt 
cneKTpanbHyto MHcfropMapMio o xmmmhbckmx cocTaBnaiOLpMx o6texTa, b tom HMcne o mi0K03e. KoxiMaecTBO 
McnycKaeMoro M3JiyaeHMa m cnexTpanbHOM xapaKTepMCTMKM o6texTa onpepenaioraa xax TCMnepaTypoPi o6bexTa, 
Tax era cocToaHMaMM m CBoPicTBaMM. B ashhom MeraAe npeAnaraeTca opeHMBaTb ypoBeHb rni0K03bi b kpobm no 
McnycKaTenbHOM cnoco6HOCTM 6apa6aHHon nepenoHKM. 

Bapa6aHHaa nepenoHKa oaeHb yAo6Ha Ana M3MepeHMa TeMnepaTypbi, nocKonbKy OHa CHa6>KaeTca xpoBbio 
coBMecTHO c TMnoTanaMycoM - peHTpoM TeMnepaTypHoro perynMpoBaHMa opraHM3Ma. flna toto Hra6bi BbipenMTb 
MHcfjopMapMK) o rmoxo3e m MHcfropMapMM 060 Bcex BeLpecTBax, HaxoAaiAnxca b kpobm, Mcnonb3yeTca cfiMnbTp, 
nponycxaioiAMM TonbKO b onpepeneHHoPi nonoce. flerexrop TeppMTopManbHoro M3nyaeHMa pacnonaraeTca 3a 
cfiMnbTpoM, CMman nocTynaiOLpMPi ot perexTopa, o6pa6aTbiBaeTca npopeccopoM m onpeAenaeTca KOHpeHTpapMa 
mi0K03bi b kpobm. Ha ocHOBaHMM araro MeTOAa KOMnaHMM «MHc{)paTeKC» pa3pa6oTaH npM6op [5 CTp.285] 

B KaaecTBe napaMeTpa flna HeMHBM3MBHoro onpefleneHMa mi0K03bi b kpobm mo>kho Mcnonb30BaTb 
KOHpeHTpapMK) apeTOHa b cocTaBe BbipbixaeMoro B03flyxa. flna M3MepeHMa KOHpeHTpapMM apeTOHa b cocTaBe 
BbiflbixaeMoro B03flyxa npepnaraeraa Mcnonb30BaTb ceHCopHbiM ra3oaHanM3aTop «flMa6eraeHCop» xorapbiM 
no3BonaeT M36MpaTenbHO onpepenMTb apeTOH b cocTaBe BbipbixaeMoro B03flyxa c napaMeTpaMM, 
yAOBneTBopaiOLAMMM Tpe6oBaHMaMM xnMHMHecxoM npaxTMKM. 

BbIBOflbl 

no pe3ynbTaTaM MecnepyeMOM npo6neMbi Heo6xoflMMO yaecTb, hto HecMOTpa Ha to, hto y>xe ceropHa cyipecTByeT 
penbiM pap MMHMManbHO MHBe3MBHbix npM6opoB m MHBe3MBHbix npM6opoB, o6ecneHMBaioiAMX 6e36one3HeHHbiM 
3a6op kpobm, 3HaaMTenbHO ynpoLpaiOLpMx npoBepeHMe otom npopepypbi y mopeM CTpapaiOLpMX caxapHbiM 
AMa6eTOM, HeMHBe3MBHaa pMamocTMKa araro 3a6oneBaHMa ocTaeraa axTyanbHOM, a pa3pa6oTxa HeMHBe3MBHbix 
npM6opoB ypoBHa rmoxo3bi b kpobm nepcnexTMBHOM. BonbiuMHCTBO 6MOceHCopoB paiOT CMmanbi, xorapbie 
xoppenMpyiOT c KOHpeHTpapMeM rni0K03bi b >xMpxocTax rena. 1/lHorpa B03M0>KHa MMHMaTtopM3apMa Hexorapbix 
He6onbLUMX ceHCopoB pna B>KMBneHMa. OpHaxo npe>Kpe neM ara ceHCopbi CMoryT Hape>KHO Mcnonb30BaTbca pna 
ponrocpoMHoro MOHMrapMHra mi0K03bi Heo6xopMM HOBbiM nporpecc. Te npo6neMbi xorapbie npepcraMT peniMTb 
BxnioaaiOT o6ecneaeHMa pa6oracnoco6HOCTM B>KMBneHHbix ceHCopoB b XMMMHecxoPi arpeccMBHon cpepe rena, rpe 
ohm 6ypyT nopBepraTbca HenpepbiBHOM perpapapMePi nop nocraaHHbiM B03peMCTBMeM kpobm m TxaHePi. Yctpomctbo 
pon>KHO 6biTb 6MOCOBMecTMMbiM, xopoiuo 3aipMLpeHHbiM ot noBbiLueHMa TeMnepaTypbi m cna6o m xopoiuo 
3arnpMeTM3npoBaHHbiMM. nepcnexTMBbi coBepmeHCTBOBaHMa MerapoB pMamocTMXM caxapHoro pMa6eTa c 
noMOipbio Mcnonb30BaHMa HOBeMwnx rexHonorMM m 6MOMepMpMHCKoPi rexHMKM noncTMHe 6e3rpaHMHHbi. HapeeMca 
Ha to, hto b 6nM>xaPiLueM 6ypyLpeM Bee ara noMO>xeT BbiaBnaTb CMMnraMy araro 3a6oneBaHMa Ha paHHePi CTapMM. 

J1MTEPATYPA 

1. BapaHOB B.B., flenexrapHbiM A.A., npoHMKOB O.A., noraBMH B.l/I. - AperaHOMeTp. ra3oaHanM3arap pna 
HeMHBe3MBHoro onpepeneHMa mtoxo3bi b kpobm Ha ocHOBe BbipbixaeMoro B03pyxa. M. Me>xpyHapopHbiM 
MepMpMHCKMM >KypHan 2001 rap, CTp. 50 

2. >KypHan MepMpMHCKMe rexHMKM 2017 M., CTp 50 

3. Gebnavts, Fenpel, Fowler Retal Glucose Sensing in Trangdermal body fenid collected under continuous 
vacuum Prevesure, spektrs inc 2002. (http://www.spectrs.com/) CTp. 120 

4. Khail O.S., cein ceremi- 1999-vol 45 N2-p 310ctp 

5. MepMpMHCKMe npM6opbi. Pa3pa6oTxa m npMMeHeHMe M.- MepMpMHCxoe M3paHMe 2004.MocxBa CTp. 494. 


1-ci Beynelxalq Elmi-Praktik Konfrans: 

Muasir Informasiya, Olgme va Idaraetma Sistemlari: Problemlar va Perspektivlar (MiOiS-2019) 



THE CAUCASUS 

ECONOMIC AM) SOCIAL ANALYSIS JOURNAL OF SOUTHERN CAUCASUS 





ISSN: 2298-0946, E-ISSN: 1987-6114 


JULY 2019 VOLUME 32 ISSUE 05 



AH All M3 MATEMATMMECKMX MOflEJIEM MHOrOHACTOTHbIX 
rVbE30PE30HAHCHblX ABTOKOJlEEATEJlbHblX CMCTEM 

'CTEMKDK B.H., 2 rOPHLL(EHKO K.J1., 3 LUEBMYK O.B. 

1 ' 2,3 Kact:eflpa TeneKOMMyHMKauMPi n KOMnbtoiepHO-MHTerpupoBaHHbix TexHonornPi, XMenbHHUKMM HauMOHanbHbiPi 
yHMBepcmeT. (YKpanHa) 
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ABSTRACT 

The article analyzes mathematical models of multi-frequency piezoresonant oscillatory systems. The essence of the 
phenomenon of multi-frequency excitation as a normal physical property of quartz resonators is indicated. However, 
for the problems of constructing highly stable self-oscillating systems as a source of reference oscillations, this 
property of Raman scattering is undesirable; in addition, they are struggling with all possible methods. As a result of 
the analysis of mathematical models of multi-frequency vibrational systems, it was found that none of them allows to 
fully study the dynamics of multi-frequency vibrational systems under vibration destabilizing influences, which 
requires further study. A proprietary approach to solving the problems of modeling multi-frequency systems is 
proposed. 

Keywords: quartz resonator, piezoresonance system, oscillation, multi-frequency, mathematical model. 

PE3K5ME 

B pa6oie npoBOflmca aHann3 MaTeMaTMHecKnx MOAenePi MHoronacTOTHbix nte3ope30HaHCHbix Kone6aienbHbix 
cndeM. YKa3aHO Ha cymHOCTb HBneHHH MHoronacTOTHoro B036yx<AeHHH, xax HopManbHoro 4)H3HHecKoro CBOMCTBa 
KBapqeBbix pe30HaiopoB. OflHaxo Ann 3aAan nocTpoeHna BbicoKOCTa6mibHbix aBTOKOJie6aTeiibHbix cncTeM b 
KanecTBe HCTOHHMxa onopHoro xone6aHMH AaHHoe cbohctbo KP HBnaeTca HewenaTenbHbiM, 6onbuje Toro, c HePi 
6opiOTca BceMM B03M0>KHbiMH MeTOAaMM. B pe3ynbTaie aHann3a MaTeMaTMHecKnx MOAenePi MHoronacTOTHbix 
Kone6aTenbHbix cncTeM ycTaHOBJieHO, hto hm OAHa m3 hmx He no3BonaeT b noiiHOH Mepe npoBOAMTb neoneAO bah na 
AMHaMMKM MHoronacTOTHbix KOJie6aTenbHbix CMCTeM b ycnoBnax BH6paqMOHHbix AecTa6MJiM3npyioiAMX bjimhhmm, 
hto Tpe6yeT mx AanbHePiLuero nsyneHna. [IpeAnoweHHbiPi co6cTBeHHbiPi noAxoA k pemeHMio npo6neM 
MOAonnpoBaHMH MHoronacTOTHbix CMCTeM. 

KmoneBbie cnoBa: KBapqeBbiPi pe30HaTop, nte3ope30HaHCHaa cncTeMa, Kone6aHne, MHoronacTOTHOCTb, 
MaTeMaTMHecKaa MOAenb. 

BBEflEHME 

Jlio6aa nte3ope30HaHCHaH xone6aTenbHaa cncTeMa (I1KC) MO>xeT paccMaTpnBaTbca xax MHoronacTOTHaa, BeAb 
Taxaa >xe 4)H3HHecKaa cyTb xBapqeBoro pe30HaTopa (KP). 

AHM30Toponna KpncTanjiMHecKoro aneMeHTa b npMHqnne npnBOAMT k B03HMKH0BeHMK) pa3HOo6pa3Hbix bmaob 
ynpyron cbh3m HanpaweHna n AectDopMaqnM n Bbi3biBaeT noaBneHne no6oHHbix pe30HaHC0B bo Bcex 
mbe3ope30HaHCHbix ycTponcTBax. 

06biHHO MHoronacTOTHOCTb aBnaeTca HewenaTeribHbiM cboPictbom nKC n c Hen 6opx)Tca caMbiMM 
pa3H006pa3HblMM KOHCTpyKTMBHO-TeXHOJIOrMHeCKMMM MeTOAaMM. OAHaKO, B yCJlOBMHX MaCCOBOTO HCn0Jlb30BaHHa 
nKC, HenpepbiBHoro noBbirueHna Tpe6oBaHnPi k mx MeTponornHecKMM xapaKTepncTMK npn asPictbmm He oahoto 
A ecTa6MiiM3MpyK)iAero cfcaxTopa, a aHcaM6na (TeMnepaTypu, BM6paqMM, paAnaunn, anexTpoMamMTHoro nona, m 
TOM y noAo6Hoe) otm MeTOAbi oxa3biBax)Tca ManoacfccfceKTHBHbiMH b peiiieHMM maBHoPi npo6neMbi nKC - 
MHBapnaHTHOCTM K AeCTa6MJlM3MpyiOlAMM CfcaKTOpaM. 

riocTaHOBKa npo6neMbi MccneAOBaHMa 

1/lccneAOBaHHH aBTOKOJie6aTenbHbix CMCTeM 3HaHMTenbHO ycnoxHaiOTca c yBennHeHneM HMcna nacTOT 
B036y>KAeHMa. 

06o6iAeHne mbtoaob ycpeAHeHna, Korapbie Hcnonb3yx)Tca bo BpeMa aHanM3a ashhux CMCTeM npnBeAOHO b [1], 
rAe paccMaTpMBaeTca cncTeMa AncfictiepeHAManbHbix ypaBHeHnPi c ManbiM napaMeTpoM: 


dp 

dt 


sX(p,q) 
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— = co(p) + sY(p,q) (1) 

at 

rfle p = (p\,..-,P m ) - m-MepHbm BeKTop MeflneHHbix ABM>KeHMM, q - (q l ,...,q n ) - n-MepHbiM BeKTop 6bicipbix 
ABuxeHMM, <y(p) = (<yj(p), a BeKTop-cjDyHKAMM X(p, q ) m Y(p, q^j MoryT 6biTb npeACTaBiieHbi b 

BMAS COCTaBJiaKDLAMX: 


X(p, q ) = X X k (P)e i(k ’ q) , Y(P > 4) = I i* ?) ( 2 ) 

| fe|>0 | yfc|>0 

we k = (k \,&„) - BeKTop penoHMcneHHbix nonowmenbHbix n OTpMpaTenbHbix KOMnoHem, HopMa Koioporo 

n 

BbiHMCJiaeTca no cfiopMyne |&| = ■ 

i=l 

PeiueHne AncfictiepeHMManbHbix ypaBHeHufi (1) 6a3npyeTca Ha npeAnonoweHMM cyiAecTBOBaHnn b npaBbix naciax 
3 tmx ypaBHeHMM paBHOMepHbix cpeAHMx 3HaneHHM. OAHaKO MHoro 3aAan npnBOAm k Heo6xoAHMOc™ 

MCcneAOBaHMH AnctxfiepeHAManbHbix ypaBHeHMM, ahh Korapbix ycnoBue cyiAecTBOBaHMH paBHOMepHbix cpeAHMx He 
BbinojiHaeTca. B [2] noxasaHO, hto OTcyTCTBne cyiAecTBOBaHMH paBHOMepHbix cpeAHMx 3HaHeHMM npuBOAm k TOMy, 
hto peiueHHe CMCTeMbi AHcfictiepeHAMajibHbix ypaBHeHMM Tuna (1) m cooTBeTCTByioiAeH ycpeAHeHHon no 
npocTpaHCTBy nepeMeHHbix q CMCTeMbi 

^ = £X(p ), (3) 

dt 

rAe 

_ 1 27r 2 n _ 

X{p)=- -— J ... j x(p,q)dq l ...dq n , (4) 

(2 7t) 0 0 


nonyneHbi npvi OAMHaKOBbix HananbHbix 3HaHeHnnx, ho OTAMHaiOTCH Ha KOHenHyio BennHHHy, npn t -. 

£ 

B more nonynaeTCH 3KBHBaneHTHan CHCTeMa: 

dx 

— = eX(x+p 0 , y + coqt + q 0 ), 
dt 


^ = Co(x+ p 0 )-W 0 + £Y(x+ p 0 , y + co Q t) + q 0 ), 


(5) 


we co 0 =co(p). 

Ochobhom pa3Aen 

ComacHO [3], eonn co6dBeHHbie HacTOTbi KOHTypoB He HaxoAmcn b cooTHomeHMM npocibix penbix nncen m 
3aiyxaHMH KOHTypoB AOCTaraHHO Manbie, yKoponeHHbie An4x£epeHAManbHbie ypaBHeHMH npeAdaBnaiOTCH 
CHCTeMOM BMAa (atih OAHOKOHTypHbix aBToreHepaTopoB): 


X^F^X,,..., X„); 
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X 2 =F 2 (X x ,..., x n ) 


( 6 ) 


X 


n 


F n {X i,..., X„) 


Tfle 

/'-[5,.(X 1 ,...,X I? )^ 0C — l]X f (7) 

rfle X- OTHOcmenbHbie 6e3pa3MepHbie aMnnnTyAbi Kone6aHHn; 5 ( - cpeAHaa xpyTH3Ha Ana ochobhoh aacTOTbi; 

Rj - pe30HaHCHoe conpoTMBJieHne KOHTypy; k oc - KoacficfiHUHeHT o6paTHon cbh3h. 

YpaBHeHna CTaAHOHapHoro pe>KHMa, b KOTopbix aMnnnTyAbi Kone6aHnn nocTOHHHbi, bwxoaht M3 (6) n (7) ecnn 
npuHaTb, hto: 


F t =0, i = 1,2,..., n , 

OTKyAa onpeAenmoTca CTapnoHapHbie 3HaaeHHa aMnnnTyq Kone6aHnn X ;0 . 

floa uccjieAOBaHna ctohkocth CTapnoHapHoro pewnMa Heo6xoAMMO cnownTb ypaBHeHne nnHenHoro npn6nH>KeHHa 
Ana BapnapMM aMnamyA ■ 3th ypaBHem/ia HMeiOT bma: 

4i = s iA + s n %2 + - + 7= 1- 2, n , (8) 

rAe / dXj, j = 1, 2,n , n onpeAeneHHO b Toaxe nccneAyeMoro CTapnoHapHoro pe>KHMa (X i = X ;o ). 

B o 6 LAeM bmas noayamb npodbie ycnoBna ctomkoctm CTapnoHapHoro pe>KMMa He npeACTaBnaeTcn B 03 M 0 >KHbiM, 
nOTOMy B ASHHOM CMCTeMe OrpaHMHMBaiOTCa MCCneAOBaHMeM CMCTeMbl CMMMeTpMHHbIX CBa 3 aHHblX 
aBToreHeparapoB, Korapbie HMeiOT OAMHaxoBbie xoacf}cf}H uneHTbi B 3 anMHon CBa 3 M k. KpoMe araro 3 Ta MOAenb He 
no 3 BonaeT nccneAOBaHHe amhbmmkm ycTaHOBJieHMa MHoroaacTOTHoro pe>KMMa xone 6 aHHH, hto 3 HaaMTenbHO 
orpaHMHMBaeT bo3mo>khoctm ee ncnonb 30 BaHHH. 

B [4] paccMOTpeHHaa MOAenb CMCTeMbl Ana MecneAOBaHMa MHoroaacTOTHbix xone6aHHH b ra30Typ6MHH0M 
ABMraTene, xorapaa onMCbiBaeTca cncTeMon ypaBHeHnn: 


x + W l (p)W 2 (p)y-W 2 (p)z-0-, (9) 

y = F(x). (10) 

Ecnn cnmanbi Ha bxoac m BbixoAe HennHenHoro aneMeHTa (HE): 

x = x 0 + Ae Mt + Be Ja *e Ja ; (11) 

y = y 0 + AW(a) l / co 2 )e jr0lt +BW(co 2 /co l )e jc ^ e ia , (12) 


rAe W(a>y / a> 2 ) - nepeAaTOHHaa c^yHKpMa HE Ha aacTOTe (Oy npa BnHHHHH cnmana Ha aacTOTax (Oy m a> 2 \ 

W{a> 2 / (Oy) - nepeAaTOHHaa cfjyHxuHa HE Ha aacTOTe a> 2 npn BnHHHHH cnmana Ha aacTOTax a> 2 u (Oy ; A, B - 
aMnaMTyAbi xone6aHnn. 

KoacfxtiMAMeHT pacnpocTpaHeHna: 

Y-P + jcc, (13) 
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rfle, no aHanornn c aneicrpoTexHnKOM, flencTBnTeiibHaa aacTb /? aBiiaeT co6on KoactxfiMAMeHT 3aiyxaHna, a 
MHMMaa nacTb ja - KoacfiitiH quern <t>a3bi. 



Pnc. 1. Moflenb cncTeMbi Ana nccneAOBaHMa MHoroaacTOTHbix Koae6aHnn: 

x, e - napaiweipbi Ha BxoAe m BbixoAe HE; z- BHeiuHee BJinaHne; F(x) - xapaKTepMCTMKa HE; W1(p), W2(p) 
- nepeAaTOHHbie cfiyHKAMM iiMHeMHbix aacTen cncTeMbi 
BHeiuHee BiinaHHe 3aAaeica b BHAe [4]: 


z - Zq + z^e'^e'^ + z 2 e ja>lt e^ 2 . ( 14 ) 

B noAo6Hbix CMCTeMax rapMOHnaecKaa jinHeapn3aqna MO>xeT 6biTb npmvieHeHa He TonbKO npn oaho- mjih 
AByxHacTOTHOMy Kone6aHnax, ho h npn Kone6aHnax c nro6biM KorinaecTBOM aacTOT n npvi nio6oM cooTHomeHnn 
Mex<Ay HacTOTaMM n aMnomyAaMM cocTaBnaiOLAHX. HanpnMep, Ana cnyaaa y=x3 npn Hannann nodoaHHon 
cocTaBaaroiAeM v\ co x < co 2 < a> 3 , mvieeM: 

x = x 0 + Asin + B sin(co 2 t + a 2 ) + C sin(a> 3 t + a 3 ); 

y = y 0 + AW H ei sin o\t + BW HE2 sin (a> 2 t + a 2 ) + CW HE3 sin(<s>3? + a 3 ) 

flna cnyaaa cooTHomeHna aacTOT Q\ : co 2 : a> 3 — 1 : 3 ; 5 n xo= 0 , MMeeM cncieMy ypaBHeHnn TpexHacTOTHoro 
pe>KMMa HMeeT cneAyioiAnn bha: 


W HE i=^A 2 +^B 2 +C 2) j-^ABe ja2 -^BCe i(a ^ a2) ; 

Whei An 2 *l(A 2 + C 2 )-^e~^- ; (15) 

W HE ,A C U\(A 2 , 

CyiAecTBeHHbiM HeAOCTaTKOM ashhom MOAeni/i aBoaeica B03M0>KH0CTb ee ncnonb30BaHna TonbKO Ana 
MCcneAOBaHMa ctomkoctm MHoroaacTOTHoro pewnMa Kone6aHnn n ee nnoxyio npnroAHOCTb Ana nccneAOBaHna 
TepMO- ho n Ana Bn6poAHHaMnaecKnx npopeccoB b nte3ope30HaHCHbix Kone6aTenbHbix CHdeMax [5]. 
MaieMamaecKaa MOAenb, Korapaa onncbiBaeT noBeAeHne MHoroaacTOTHon nb.e3ope30HaHCHOM «one6aTenbHon 
cncTeMbi (MI1KC) n Han6onee npn6an>KeHa k peweHnio nociaBneHHon 3aAaan onncbiBaeica cncieMon 
AMcfictiepeHAMaabHbix ypaBHeHMM [6]: 


T 


dU 

dt 


[G a R- E mm ] • U ; T ^ = [G p ■ R - A] • £ ,; T al ^ = ~(R ai ■I 0+ E ), 

(16) 


1-ci Beynelxalq Elmi-Praktik Konfrans: 

Miiasir Informasiya, Olgme ve Idaraetme Sistemlari: Problemlor ve Perspektivler (MiOiS-2019) 



THE CAUCASUS 

ECONOMIC AND SOCIAL ANALYSIS JOURNAL OF SOUTHERN CAUCASUS 


















ISSN: 2298-0946, E-ISSN: 1987-6114 


JULY 2019 VOLUME 32 ISSUE 05 



rfle T — diag(T t ,...,T m ) , T a3 = dicig(T a3i ,...,T a3 ) — MaTpMUbi nocTOHHHbix BpeMeHn napijuanbHbix KpyroB 
MI1KC; U =(U l ,...,U m ) T , <D = , E a3 =(E a3 ^...,E a3 )' - Beiaopbi aMnnMTyA, <tia3 xone6aHMM MI1KC 

n Hanpa>KeHna aBTOCflBura; G a = ReG = |g|cos A^ r , G p = ImG = |g| sin Acj) T - Maipupbi AancTBMTenbHon m 

MHMMOM COCTaBnatOLAMX 3KBMBajieHTH0M KOMlUieKCHOM npOBOAMMOCTM aKTMBHOM HaCTM reHepaTOpa, aaeMeHTbl 

KOTopbix cfiopMupyiOTca no npaBMay g a =Sj i (Regj i ), g p = 8 p (Im g -) , rAe S p -cmmboo KpoHexepa; 


G = 


^I2^"l2 ••• ^ln^ln 

S 2 l K 21 S 22 K 22 ... S 2 n K 2n 


S K S K S K 

o m2 -/v m2 *** ^mn^mn 


- MaTpuua MOflynen npuBefleHHbix aKBMBaneHTHbix KOMrmeKCHbix 


npoBOAnMOden MflKC pa 3 MepoM mxn ; R = R e ■ K ( p - Maipnpa npnBeAeHHbixconpoTMBneHMM 


R e =diag(R ei ,R e 2 ,...,R em y K r/) = diag (, K, h 



\\(f> n +\ (A tj) n +A^) ... (A (/) m +A^) 
(A^ 21 + A^) (A</> 22 + A^) ... (A^„ + A cj)^) 


\ 


- Maipupa pa 3 MepoM m x n , Korapan onpeAenaei 


JA <j), m +A^) (A$„, +A^ m )...(A4„ +A^)^ 


4ia30Bbie cooTHOLueHun b xaHanax B036y>KAeHMH MI1KC; A = diag(Aa> l T i ,...,Aa> m T m ) - Maipupa o6o6LAeHHbix 

pa36e>KHOCTen MacTOT; R ac = diag(R cl3i ,...,R a3 ) - Maipupa conpoTMBneHMM aBTOCMemeHMM; / 0 = (/ ,...,/ 0 ) r - 

BeKTop nocToaHHbix cocTaBJiatoiAnx ncxoAHbix tokob i 6UX .( e i)\ E mm , E m \ - eAnHMHHaa Maipupa pa3MepoM 

m x m n eAnHnHHbm BeKTop-CTon6eA rax 1; m - KonnnecTBO nacTOT reHepnpoBaHnn, n — KonnnecTBO KaHanoB 
B036y>KAeHnn. 

flaHHan MOAenb MOweT 6biTb ycoBepnieHCTBOBaHa nyieM BBeASHna TepMOAMHaMnnecKon cociaBHon 
HecTa6mibHOc™, hto no3Bonaei npoBOAmb uccneAOBaHne ahh8mhkh ycTaHOBJieHna Kone6aHHM xax Ha aiane 
ycTaHOBJieHMa TennoBoro 6anaHca pe30Haiopa nocne BKmoHeHnn, Tax n bo BpeMH asmctbmh BHewHMx 
Aecia6njiM3npyK)iAMX TennoBbix bjimhhmh. TaxMM o6pa30M, hm OAHa m 3 cyiAecTBytoiAMX MOAenew He o6ecneHHBaei 
B03M0>KH0CTb MCCHeAOBaHMH AHH8MHKM TepMO- HO BM6pOAMHaMHHeCKHX npOpeCCOB npH MHOrOHaCTOTHOM 

B036yx<AeHMM n-be3ope30HaHCHbix Kone6aienbHbix cncTeM, hto Tpe6yeT mx AanbHeMwero M3yneHna m pa3Bmna. 

PE3yjlbTATbl 

Ha ocHOBe aHann3a cfcyHAaMeHTanbHbix npopeccoB bo BpeMa cfcyHKUMOHMpoBaHMH KBappeBbix pe30HaiopoB m 
ycTpoMCTB Ha mx ocHOBe noKa3aHHaa Heo6xoAMMOdb yneia peaxpMM KP Ha BM6papMOHHbie bjimhhmh b peanbHbix 
ycnoBMax mx aKcnnyaTaMMM. 

HBJieHMH MHOrOHaCTOTHOro B036y>KAeHMH HBOHlOTCa HOpMailbHblMM (£n3MHeCKMMM CBOMCTBaMM KBappeBbix 
pe30HaTopoB. OAHaxo aoh 3aAan nocipoeHMa BbicoKOCTa6MnbHbix aBTOKOJie6aTenbHbix CMdeM b KanecTBe 
MCTOHHMKa onopHoro Kone6aHMH AaHHoe cbomctbo KP HBiiaeTca He>KenaTenbHbiM, 6onbLue toto, c Hen 6opiOTCsi 
CaMbIMM pa3H006pa3HblMM KOHCTpyKTMBHO-TeXHOJlOrMHeCKMMM MeTOAaMM. 
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B pe3ynbTaTe anan\A3a MaTeMaTMHecKMx MOAeneM MHoronacTOTHbix KOJie6aieabHbix CMCTeM ycTaHOBneHO, hto hm 
OAH a M3 hmx He no3BoaaeT b tiojihom Mepe npoBOAMTb MCcneAOBaHMa pyiaauwm MHoronacTOTHbix Kone6aTe/ibHbix 
CMCTeM B yCJlOBMHX BM6papMOHHblX AeCTa6MJlM3MpyiOLAMX BJ1MHHMM, HTO Tpe6yeT MX AanbHeMliiero M3yneHMH. 
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(YKpanHa) 
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ABSTRACT 

The article presents the results of developing a software project to support the functioning of the chatbot model using 
artificial neural networks for the analysis and classification of large-volume text data. A software component 
composition scheme has been developed, reflecting the specifics of the interaction of the main functional modules. 
The specifics of the chatbot model were formalized, input, output, control, and executive data streams were 
described. The results of training a model of an artificial neural network for natural language processing are 
presented. 

Keywords: artificial intelligence, chat bots, big data analysis. 

PE3K5ME 

B CTaibe npnBefleHbi pe3ynbTaTbi pa3pa6oTKn npoexia nporpaMMHoro o6ecneHeHnn Ann noAAep>KKn 
cf}yHKAHOHnpoBaHnn MOAenn naT-6oTa c ncnonb30BaHneM ncKyccTBem-ibix HenpoHHbix ceTen Ann aHanM3a n 
KnaccncfcnKaAnn TeKCTOBbix AaHHbix 6onbLunx o6teMOB. Pa3pa6oTaHa cxeMa KOMnoHeHTHoro cociaBa 
nporpaMMHoro o6ecneHeHMn, oipaxoioiAan cnepncfcHKy B3anMOAencTBHH ochobhhx cfcyHKAHOHanbHbix MOAynen. 
BbinonHeHa ctiopMannaapHn cneuncf)HKH pa6oTbi MOAenn naT-6oTa, onncaHbi BxoAHbie, BbixoAHbie, 
KOHTponnpyKJLAne n ncnonHHTenbHbie noTOKn AaHHbix. lIpnBeAeHbi pe3ynbTaTbi o6yHeHnn MOAenn ncKyccTBeHHon 
Henpocem Ann o6pa6oTKn eciecTBeHHoro H3biKa. 

KjnoneBbie cnoBa: ncKyccTBeHHbin HHTenneKT, Hai-6oibi, aHann3 6onbLunx AaHHbix. 

BBefleHMe 

B HacToniAee BpeMH Ha pbmxe nocTOHHHO B03pacTai0T Tpe6oBaHnn k npoABnx<eHnio TOBapoB n ycnyr pa3nnHHbix 
opraHH3aunn, hto ocnowHneTcn BbicoKnM ypoBHeM KOHKypeHpnn Me>KAy hhmh. KmoneBbiM 43aKTopoM ycnewHbix 
pexnaMHbix KOMnaHnn CTaHOBnTcn Ao6bNa n aHann3 6onbwnx MaccnBOB nepcoHn<£nunpoBaHHbix AaHHbix cboux 
K nneHTOB. 3 to 3acTaBnneT pyKOBOACTBO KOMnaHnn npoBOAmb nccneAOBaHnn B03M0>KH0CTen aBTOMam3aunn 
pymHHbix 3aAan n npeAOCTaBneHnn nonb30BaiennM n KnneHTaM AononHHTenbHbix cepBncoB n onpnn Ann 
noBbiiueHnn KOHBepcnn, CTHMynnpoBaHHfl aKTnBHOdn nyieM nHTerpaqnn mbtoaob n MOAenen ncKyccTBeHHoro 
HHTenneKTa (MM) Ann o6pa6oTKn 6onbiunx o6t>eMOB AaHHbix [1]. Oaho H3 Han6onee aKTyanbHbix HanpaBneHnn b 
o6nac™ MM Ann peweHnn 6n3Hec 3aAan hbohiotch ncKyccTBeHHbie Henpocem (MHC), axcnepTHbie cncTeMbi n naT- 
6oTbi (MB) [2], 

MaT-6oTbi npeACTaBnniOT co6on KOMnneKCHoe nporpaMMHoe npnnoweHne, ncnonb3yeMoe Ann o6iAeHnn KnneHTa 
KOMnaHnn c aBTOMamHecKnM MOAyneM, Korapoe MO>xeT BKmoHaib b CBon cociaB aneMeHTbi ncKyccTBeHHoro 
nHTennexTa. KnneHTbi cfropMnpyiOT nH<£opMaunoHHbie 3anpocbi nnn Bonpocbi, a MB Ha 6a3e peann30BaHHon 
AnpeKTnBHon, aBpncmnecKon nnn APyron MOAenn nornxn nx pa6oTbi, ocyiAecTBnnei nHTepnpeiaAmo TexcTa c 
nocneAyioiAen BbiAanen peKOMeHAapnn, coBeTOB nnn o6iAen nHC^opMapnn. 

OTAenbHbie MOAenn o6ecneHHBaiOT noAAepwxy Ananora c nonb30BaieneM Ann o6iAeHnn nnn TpeHnpoBKn. C Tonxn 
3peHnn KnneHTOB MB HBnneicn BnpiyanbHbiM KOHcynbTaHTOM, t.k. MOAenb noBeAeHnn MaxcnManbHO HanoMnHaeT 
peanbHoro co6eceAHnxa. 

C tohkh 3peHnn 6n3Heca MB npeACTaBnnei co6on rn6xnn n 4)yHKpnoHanbHbin MexaHH3M Ann AoemrKeHnn 
MapKemHroBbix penen KOMnaHnn, noBbimeHnn ypoBHn AOBepnn, nosmbHoern k opraHn3apnn n aBTOMam3apnn 
pymHHbix onepapnn no TexHnnecKon noAAep>KKe KnneHTOB [3]. 

KoMnoHeHTHbin cocTaB mnoBon MOAenn MB BKmonaeT b ce6n: MOAynn cnoBapen, xpaHHLpnx CTpyKTypnpoBaHHbin 
o6b>eM ncnonb3yeMbix cnoB H3bixa obipeHnn; 6n6nnoTeKn pacno3HaBaHnn n xnaccncfcnKapnn TexcTa; MOAynn 
BeKTopn3apnn n ToxeHn3apnn (pa36nmn ctpok TexcTa Ha OTAenbHbie 3HannMbie nexceMbi n APyrne cfiparMeHTbi); 
Taioxe nHTepcfjenc B3anMOAencTBnn c nonb30BaTeneM, nocpeACTBOM Koraporo ocyiAecTBnneTcn BBOA/BbiBOA 
AaHHbix. 

MaT-6oTbi no3BonniOT KOMnaHnnM onTHMH3npoBaTb 3aTpaTbi BpeMeHn Ha c6op n o6pa6oTKy nHC^opMaunoHHbix nnn 
KOMMepnecKnx 3anpocoB ot KnneHTOB. flononHnTenbHbiMn yAo6HbiMn cfiyHKAHHMH aBTOMaTn3apnn HBnniOTcn 
paccTaHOBKa n paHwnpoBaHne npnopnTembix KnneHTOB, n onepaTnBHoe HHcfcopMHpoBaHne coTpyAHnKOB 
opraHn3apnn o Ba>KHbix 3axa3ax. 
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MB no3BonaiOT ocyLpeciBnaib KOMnnexcHyio aBTOMaTM3apaio KmoaeBbix pyTMHHbix 6a3Hec-npopeccoB, BbinonHaa 
KOopflMHapmo Tpyfla pa3naaHbix OTflenoB npeAnpaaiaa. 

B coBpeMeHHOM npaKTMKe MB Haora acnonb3yiOTCH Ana aBTOMainnecKoro yBeAOMneHaa coipyAHHKOB o 
BbinoriHeHMM nociaBneHHoa aapana, noAAep>KKe HOBbix coipyAHMKOB, npepociaBneHaa yae6Hbix MHCTpyKpaa a 
MaiepnaaoB no 3anpocaM nonb30Baienea. 

KmoaeBoe 3HaneHne ceropHa MMeeT CBoeBpeMeHHbia n raaHbia OTBeT KnneHTy Ha era nepBbia 3anpoc, hto 
no3Bonaei pacnono>KMTb KnaeHTa k BsaaMopeacTBaio c KOMnaHaea, npao6peieHaio TOBapoB ana OKa3aHnto ycnyr. 
ComacHO CTaiaciaHecKaM paHHbiM, b cnyaaax Heo6xopaMOCTa owapaHaa aHcfcopMapaa 6onee 10 MMHyT 
BepoaTHOCTb nonyaeHaa KOHBepcaa ot KnaeHTa aBnaeica hm3koh. B cbh3h c 3thm acnonb30BaHae MB aBnaeTca 
acfictjeKTMBHbiM noAxoAOM k peiiieHMio ashhom npo6neMbi, a paHHaa MOAenb rapaHTapyei 6biCTpoe Haaano paanora 
h He Tpe6yeT Heo6xopaMOCTa onnaTbi TpyAa OHnaaH-KOHcynbTaHTOB [4]. 

PacnpocipaHeHHbiM aBnaeTca ncnonb30BaHne MB Ana aBTOMaia3apaa c6opa paHHbix Ana opeHKa AOMeHa MHeHaa 
KnaeHTOB o KaaecTBe pa6oibi KOMnaHaa, nyieM nporaKonapoBaHaa, CTpyKTypapoBaHaa a aHann3a MHcfcopMapaa b 
paanore c KnaeHTaMa. 

nonyaeHHbie AaHHbie aBnaiOTca KpaTMHHbiMM Ana noBbiweHaa o6teMOB npoAa>K a cfcopMapoBaHaa acfccfceKTMBHoa 
MapKeTMHroBoa cipaieraa, a Taioxe nocneAOBaTenbHoro BbicipaaBaHaa ponrocpoaHoro B3aaMOOTHOweHaa c 
Km/ieHTaMi/i. 

B KaaecTBe cpeACTB pa3pa6oTKM a peana3apaa Ha npaKTMKe acnonb3yiOTca pa3naaHbie BbicoraypoBHeBbie a3bixa 
nporpaMMMpoBaHMa (Ana 6onee tohkom HacTpoaxa) h cnepaana3apoBaHHbie cepBacbi (KOHCTpyKTopbi MB Ana 
6onee o6lahx TanoB), no3BonaiOLAHe b BM3yanbHOM pewrnwe ocyiAecTBnaTb npopecc KOHCfiarypapaM a 3anycKa 
Mopena c Heo6xoAMMbiMM napaMeipaMM. K aacny Haa6onee nonynapHbix cepBacoB no co3paHMio MB OTHOcaica 
[5]: Chatfuel, Api.ai6, Flow XO a ppyrae. 

K nporpaMMHbiM cpeACTBaM peana3apaa MB Ha npaKTMKe name Bcero othochtch a3biKM nporpaMMMpoBaHMa Python 
m R (pex<e php, C# m java), 6n6nnoieKn pacwapeHaa cjiyHKpaoHana (PyBot), cpeAa pa3pa6oTKM PyCharm, a Taxxre 
API pa3nMHHbix MecceHA>KepoB m copaanbHbix ceiea (Twitter, Facebook, Telegram, VK m pp.). 

ripeAnaraeMaa koh pen Alia 

LleneBbiM Ha3HaaeHaeM npoexiapyeMoa Mopena MB aBnaeica noBbiweHae ypoBHH noanbHOCTM noieHpaanbHbix 
KnMeHTOB c penbio yBenaaeHaa BepoaTHOCTM KOHBepcaoHHbix peacTBaa m noBbiiueHna ypoBHa npopaw [6]. 
L(enecoo6pa3HOCTb Mcnonb30BaHnn l/IHC npa npoeKTMpoBaHMM Mopena MB o6ycnoBneHa Heo6xoAMMOdbK) 
aBTOMaTM3ai4MM npopeccoB paHaMaaecKoro pacwapeHaa neKcaaecKax B03M0>KH0CTeM no BepeHaio peneBoro 
Aaanora cacTeMbi c nonb30BaieneM, BbipeneHae wa6noHHbix Kaieropaa nonb30Baienea nyieM o6ecneaeHaa 
tm6kmx cfiyHKpaa o6yaeHMa npa BbiaBneHMM noipe6HOCTea KnaeHTa nocpeACTBOM o6pa6oTKM eciecTBeHHoro a3biKa 
[7-10]. 

Ha3HaaeHae MB c acnonb30BaHaeM l/IHC b paMKax paHHoro npoexia: 

• C03AaHae nepcoHMCfrapapoBaHHOH pexnaMbi Ha 6a3e nepenaoxa npa 3axa3e TOBapoB ana ycnyr. C6op a 
aHana3 paHHbix o noipe6HOCTax nonb30Baiena no3Bonaei BbiaBMTb KmoaeBbie acneKTbi era amepecoB a 
npepnoHTeHaa, Ha 6a3e aero ciaHOBaibca B03MO>KHbiM npeAOCTaBneHae peneBaHTHbix era 3anpocaM 
aKpaoHHbix ana cnepaana3apoBaHHbix npepnoxreHaa npa npopawe TOBapoB a OKa3aHaa ycnyr; 

• c6op a CTpyKTypapoBaHae paHHbix Ana Bbipaaa peKOMeHAyeMbix peHHOCTHbix npepnoxreHaa a 
KnacTepM3apaa peneBbix KnaemoB no rpynnaM. Ha 6a3e CMCTeMaTa3aMaa a aHana3a nonyaeHHbix 
CTpyKTypHbix MOAenea npeAdaBneHaa 6onbiuax o6teMOB ashhux no KnaeHTaM opraHasapaa 3a 
Bbi6paHHbie nepaoAbi BpeMeHa, bo3mo>kho, BbipeneHae KnaciepoB cxoxrax 3anpocoB pna cfiopMapoBaHMa 
o6pa30B TanoBbix Kaieropaa noKynaienea, ax paHxrapoBaHae Ana cociaBneHaa 6onee acfictieKTMBHOM 
dpaieraa npoABax<eHMa TOBapoB a cnyr, a Tatoxe BbiaBneHae CKpbiTbix TpeHAOB c yaeraM ce30HHOCTM 
npoAaxr; 

• opeHKa TOHanbHOCTM TeKda nepenaoxa, Heo6xoAMMaa Ana nonyaeHaa o6paTHoa CBa3a no CTeneHM 
yAOBneTBopeHHOCTM KnaemoB npao6peieHHbiMM TOBapaMM ana OKa3aHHbiMM ycnyraMa KOMnaHaea. 

OyHKpaoHanbHaa MOAynbHaa cipyxiypa npoexiapyeMoa cacieMbi npaBeAeHa Ha pac.1, OHa coctomt a cneAyiOLpax 

KOMnOHeHTOB: 

• MOAynb nonyaeHaa a CTpyKTypapoBaHaa ashhux; 

• MOAynb o6pa6oTKM eciecTBeHHoro a3bixa Ana opeHKa TOHanbHOCTM; 

• MOAynb KnacTepa3apaa KnaeHTOB; 

• MOAynb conocTaBneHaa AanHbix no TeMaiaaecKaM cnoBapaM; 

• 6a3a AaHHbix; 

• MOAynb aHTepnpeiapaa a BbiAana pe3ynbTaTOB nonb30BaienK). 

flaHHbia npoeKT noAAepxraBaei cfiyHKpaa MHTerpapaa b paMKax nonynapHbix copaanbHbix ceiea a MecceHA>KepoB. 
riopaAOK B3aaMOAsacTBMH nonb30Baiena c MB cneAyiOLpaa. 
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1. riojib30BaTenb cfropMapyeT HHcfDopMauaoHHbie TeKCTOBbie 3anpocbi aepe3 npeAycMOTpeHHoe none OKHa 
aHTepcfreaca. 

2. MB nocpeflCTBOM MHTerpupoBaHHbix cfcyHKuaa a cpeflCTB noAAepwxa Ananora c nojib30BaieaeM ocyiAecTBnaeT 
xnaccacfiaKauaio tmiiob 3anpocoB (aHcfiopMauaoHHbia, KOMMepnecKUM, OT3biB o npoAyKTe). 



Pac. 1 - MoAynbHaa cxeMa cociaBa MB 

3. B cooTBeTCTBMM c nonyaeHHbiivia A3HHbiMM MOAynb nonyaeHaa a CTpyKTypupoBaHMa AaaHbix ocyiAecTBJiaei 
o6pa6oTKy AaHHbix, o6paiAeHne « 6a3e AaHHbix Ana coxpaHeHaa TexcTa, nonyaeHHoro ot nonb30BaTena. 

4. MoAynb o6pa6oTKa ecieciBeHHoro H3bi«a coBMecTHO c MOAyneM conocTaBneHaa TeKCTa no TeMaTaaecxaivi 
cnoBapaM ocyiAecTBJiaeT oaacTKy n TOKeHa3apaK) TeKCTa, cfcopiwapyeT a ncnonb3yei MOAenb l/lHC Ana BbiaBneHaa 
Tana 3anpoca a <£opMapoBaHaa peKOMeHAaienbHbix npeAnoweHaa a anbiepHaTMBHbix peweHaa b paHwapoBaHHOM 
bhaS- 

5. MoAynb KJiaciepn3ai4MM xnaeHTOB cfiopMupyei MOAenb I/1HC Ana aBTOMaTa3apaa KJiaciepHoro aHana3a npa 
BbiaBneHaa peneBbix rpynn nonb30BaTenea no CTeneHn noxynaTenbCxoa cnoco6HOCTa. 

6. ArpernpoBaHHbie AaHHbie no npeAnoweHaaivi TOBapoM a ycnyr, a TaioKe pexnaMHaa aHcfiopMapaa BbiAaeica 
nonb30BaienK) nocpeACTBOM MOAyna aHTepnpeTaqaa a BbiAaaa pe3ynbTaTOB b aHTepaKTaBHOM pewaMe b 
amepcfceac. Heo6xoAHMaa Ana AanbHeaniero accneAOBaHaa 6a3Hec aHanaTaxaivia OTaiacTaHecKaa aHcfcopMapaa 
MO>xeT 6biTb axcnopiapoBaHa b BaAe CBOAHbix oiaeiOB b cfropiviaTe *.csv. 

ripa Heo6xoAaMOCTa nonyaeHaa AononHaienbHbix AaHHbix ot nonb30Baiena b paivwax MOAyna nonyaeHaa a 
cipyKTypapoBaHaa AaHHbix Ana 6onee tohhoto cfropiviapoBaHaa nopipeia KnaeHTa npeAycMaipaBaeica 
noAcacieivia cfcopMapoBaHaa nia6noHHbix onpocoB, nocpeACTBOM Korapoa ocyiAecTBnaeTca cacTeMaia3apoBaHHbia 
c6op Heo6xoAaMoa aHC^opMapaa (B03pacT, non, peraoH npowaBaHaa a t.a.)- 

OopMana3ayiaa a pa3pa6oT«a npoeKTa 

3ianbi acnonb30BaHaa MB no3BonaeT OTpa3aTb AeKOMno3apaa KOHTexcTHoa AaarpaMMbi cfcyHKpaoHanbHbix 
npopeccoB pa6oTbi cacieMbi b HOTapaa IDEFO, Korapaa npaBeAeHa Ha pac.2. 

B pe3ynbTaTe ocyipecTBneHaa npopeccoB nonyaeHaa a CipyKTypapoBaHaa AaHHbix cacTeMaTa3apoBaHHaa 
TeKCTOBaa aHcfcopiviapaa ot nonb30BaTena nocTynaeT b KaaecTBe BxoAHoro noTOxa Ha npopecc o6pa6oTxa 
ecTecTBeHHoro a3bixa. 
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Pacno3HaHHbie Ha ashhom aiane peneBbie wa6noHbi m TMnbi 3anpocoB nocTynaioT Ha bxoa npopeccy 
KnacTepn3ai4MM, nocne Hero Ha 6a3e nepenHH paH>KnpoBaHHbix KaacTepoB KiiMeHTOB CTaHOBmbca B03M0>KHbiM 
cfiopMMpoBaHMe nepcoHaabHbix peKOMeHAaqMM no OTAenbHOMy KJineHTy m AanbHePiiiiaa BbiAana OTneTHOM 
MHCfcopMapMM. 
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nonb3QBaTeneri 


I flpaBHna h npnw_|nribi MHC 
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Pmc. 2 -fleKOMno3MAna cfryHKAMOHanbHbix npopeccoB pa6oTbi MB 

nojiyneHHbie 3HaneHMH xapaicrepMCTMK TeKCTa ot nojib30Baiena noAatOTca Ha bxoa HenpoHHOH ce™, KOTopaa 
ocyiAecTBnaeT pa36neHne noKynaienefi Ha rpynnbi m BbmBneHMe noKynaTenbCKOM timhmm noBeASHMH xa>KAoro 
KoacTepa. flaHHbie o nojib30Baienax xpaHsuca b penapMOHHOM Efl. 

npopeAypbi aBTOMaTM3ai4MM o6pa6oTKM eciecTBeHHoro H3biKa b bmas TeKda, nojiynaeMoro nepe3 MHTepcfceMC 
BBOAa ot nojib30BaTeiia, a TaioKe KnacTepM3apMM norib30BaTejien no peneBbiM KaieropnnM 6a3npyiOTca Ha 
MCnOJ1b30BaHHM MHC. 

KoHpenTyaabHO, AaHHbie npopeAypbi coctoht m 3 cneAyiOLAMX aianoB: 

1. npeAo6pa6oTKa ccfropMi/ipoBaHHoro Ha6opa ashhux. 

2. HopMann3aAna AaHHbix Ann noAanM Ha bxoa HenpoceTM. 

3. Co3AaHne m o6yHeHne MOAenw MHC. 

4. OpeHKa TOHHOCTM pa60Tbl MOASTIM Ha TeCTOBOM Bbl6opKe. 

MccneAOBaHHe nonyneHHbix pe3y/ibTaTOB 

Pa3pa6oTaHHaa MOAenb MHC 6bma o6yneHa no anropMTMy o6paTHoro pacnpocTpaHeHMH olum6km b TeneHMe 150 
anox Ha Bbi6opi<e H3 120000 3anncePi, 20000 m 3 Korapbix ncnojib30Bajincb aoh cfiopMMpoBaHMfl TecTOBoro 
MHO>KeCTBa. 

BxOAHbIMM AaHHbIMM A™ nOCTpOeHMH MOASTIM 6blTIM A0MH3 nOCTa, Ha6op ASHHblX O KJlMeHTe (B03paCT, nOJl, MeCTO 
npOKMBaHMH, KOJIMHeCTBO npM 06 peTeHHblX TOBapOB), BbIXOAHbIM 3HaHeHMeM HBJlRnCH nOTeHAMaa KOHBepCMM 
KJlMeHTa (BbICOKMM, CpeAHMM, HM3KMM). 

3aBMCMMOCTb tohhoctm KnaccMcfDMKapMM MHC TMna noab30BaTena ot anoxM o6yHeHMa npMBeAeHa Ha pmc.3. 06iAaa 
TOHHOCTb KaaccMcfiMKaAMM Ha o6yHaiOLAeM Bbi6op«e cocTaBMna okoho 91%, Ha toctobom Bbi6opKe - oxono 0,84, hto 
CBMASTenbCTByeT 06 aASKBaTHOCTM CCflOpMMpOBaHHOM MOASHM MHC. 
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model accuracy 



BblBOflbl 


Ha ocHOBe ncnonb30BaHnn npeflnoxreHHoro npoeKTa HaT-6oTa B03M0>KHa aBTOMa™3apna npopecca nojiyneHna 
MHcfcopMapMM o noKynaiene, era npeflnoHTeHnax n noipe6nTenbCKon Kop3MHe, hto no3Bonaei cfiopMupoBaib 
BbIBOflbl O flanbHefiliieM pa3BMTMM TOprOBOM TOHKM MOflMCflMKaflMM aCCOpTMMeHTa. ri 0 fl 06 HblM aHailM3 
fleaecoo6pa3HO npon3BO,qmb perynnpHO, t.k. aKOHOMnnecKaa o6ciaHOBKa MO>«eT nepnoflunecKM MeHHTbcn. 
npeflno>i<eHHbiM npoexT MB Ha 6a3e ncnojib30BaHna l/IHC no3Bonnei aBTOMain3npoBaib pyinHHbie npopeccbi no: 
o6pa6oTKe nonb30BaienbCKnx peneBbix 3anpocoB n npeflociaBneHmo onepaTMBHon o6paTHon cbh3m b 
K pymocyTOHHOM pexrnMe, yMeHbLumb BnnnHne HenoBenecKoro cfiaKTopa Ha npopecc o6pa6oTKM 3anpocoB n 
3aaBOK, noBbicmb ypoBeHb flOBepnn k KOMnaHMM, aHann3y n Bbiflane nepcoHncfcnunpoBaHHbix npeflnoxreHnn Ann 
Ka>Kfloro KnMeHTa. Bee ara cnoco6cTByeT pociy npofla>K KOMnaHnn n noBbimeHHio acf}(f)eKTHBHOCTM BHeflpeHnn 
MapKeTMHroBbix CTpaiernn b paMKax opraHM3aunn. Mcnonb30BaHne npeflno>xeHHoro npoeicra a«TyanbHO Ann 
opraHM3aflMM n KOMnaHnn pa3nnHHon HanpaBneHHOc™, opneHTnpoBaHHbix Ha npoflawy TOBapoB nnn oxasaHwe 
yenyr KnneHTaM, b nepByio onepeflb flnn MHTepHeT-Mara3MHOB. flaHHbin npoeKT MO>xeT 6biTb ocHOBaHneM Ann 
nporpaMMHOM peann3aflMM nonHopeHHon cncieMbi ynpaBneHnn MB Ha 6a3e ncnonb30BaHnn BbicoKoypoBHeBbix 
H3blKOB npOrpaMMMpOBaHMH. 
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SKCnEPMMEHTAJlbHOE MCCJlEflOBAHME TOHHOCTM M3MEPEHMH rJlYEMH 
SXOJIOTAMM 

riyHHeHKO H.O. 1 

'Kacfjeflpa aBTOMaTH3npoBaHHbix cncTeM n xn6ep 6e3onacHOdM OfleccKOM rocyqapcTBeHHon axaAeMnn 
TexHMHecKoro perynnpoBaHna n xanecTBa. (YxpaMHa) 

Email: iioonn24@rambler.ru 


ABSTRACT 

The paper compares the depth values of the same sections of the seabed obtained using single-beam and multi¬ 
beam echo sounders. An analysis of the processing of the results of experimental data indicates that the accuracy of 
measuring the depth of which depends on the design features of the device, as well as the measurement conditions. 
Joint tests of a single and multi-beam echo sounder qualitative agreement between the results of depth 
measurements by these systems, and the data obtained confirm the possibility of surveying the bottom with an 
accuracy of calculating the depths sufficient to ensure the safety of navigation. 

Using a multi-beam echo sounder allows you to completely solve the problem of detailed bathymetric surveys, in 
contrast to single-beam ones. 

Keywords: single-beam echo sounder, multi-beam echo sounder, depth, sonar, bottom. 


PE3K5ME 

B pa6oie npoBefleHO cpaBHeHne BennnnH my6uH oahmx n Tex >xe ynacTXOB MopcKoro Aua, nonyneHHbix c noMOLAbio 
OAHonyueBoro m MHoronyHeBoro axonoTOB. AHann3 o6pa6oTXM pe3ynbTaTOB aKcnepmvieHTajibHbix AauHbix 
yKa3blBatOT Ha TO, HTO TOHHOCTb M3MepeHMH my6MHbl KOTOpbIX 3aBMCMT OT KOHCTpyKTMBHbIX 0 C 06 eHH 0 CTeM npn6opa, 
Tax M yCJlOBMH M3MepeHMM. 

CoBMecTHbie ncnbiTaHHa oaho n MHoronyHeBoro axonoTa xanecTBeHHoe coBnaAeHMe pe3ynbTaTOB M3MepeHnn 
my6nH 3TMMM CMCTeMaMn, a nonyHeHHbie AaHHbie noATBepx<AaiOT B03M0>xH0CTb BbinonHeHMa cbeMXM Aua c 
TOHHOCTb k) BbiHMcneHHH my6nH, AOCTaTOHHofi Ana o6ecneHeHna 6e3onacHOCTM cyAOxoACTBa. 

Mcnojib30BaHne MHoronyHeBoro axonoTa no3BonaeT nonHOCTbxr pewaTb 3aAany ASTaribHOM 6aTMMeTpnHecxoM 
CbeMXM, B OTJIMHHe OT OAHOJiyHeBOTO. 

KjnoneBbie cnoBa: OAHonyneBOM axonoT, MHoronyneBOM axonoT, my6nHa, mApoaxycTMxa, aho. 

BBEflEHME 

flan o6ecneHeHna HaBnraunoHHon 6e3onacHOCTM LUTypMaHy Heo6xoAMMO 3HaTb my6nHy MecTa noA xnneM cyAHa. 
flan aran Menu Ha cyAHa ycTaHaBJiMBaK)T HaBnraqnoHHbie axonoTbi, nocxonbxy m 3 Bcex M3BecTHbix bmaob 
M 3nyHeHna 3Byx pacnpocTpaHaeTca b Mope c Han Me Hb llih mm noTepaMM no cpaBHeHMxr c paAMOBonHaMM m cbotom, 
xoTopbie 3aTyxaroT b MyTHon m coneHon Mopcxon boas 3HannTenbHO cnnbHee. OTHOCMTenbHO CBo6oAHoe 
pacnpocTpaHeHMe 3Byxa b boahom cpeAe no3BonMno hsmth eMy pa3HOo6pa3Hoe npnMeHeHne npn MecneAOBaHMM n 
ocBoeHMM MopcxoPi cpeAbi (pexa, Mope, oxeaH) m ccfcopMnpoBaTb cyiAHOCTb rMApoaxycTnxn xax TexHnnecxon Hayxn 
[1-16]. 

AHanM3 HayHHOM HMTepaTypbi [1-13] m TexHonorMM npoM3BOACTBa noxa3biBaeT, hto npaxTnnecxn xa>XAbin toa 
BeAymue cjinpM b o6nacTM Mopcxux TexHonornn npeAnaraxrr HOBbie o6pa3qbi, xorapbie aAanTMpoBaHbi noA 
y>xecTOHaxnAne Tpe6oBaHna noTpe6nTena. ripnaeM AUHaMnxa pa3BMTna axcnnyaTaqnoHHbix xapaxTepncTnx bo 
mhotom o6ycnoBneHa pa3BMTneM coBpeMeHHbix anexTpoHHbix TexHonornn m nporpaMMHoro o6ecneHeHna. 
flaa M3MepeHMa my6MHbi MecTa noA ABM>xyiAMMca cyAHOM ncnonb3yx)T npoMepHbie axonoTbi. ripoMepHbie axonoTbi 
noApa3Aenax)Tca Ha OAHonyneBbie, xorapbie M3Mepax)T my6nHy MecTa HenocpeACTBeHHO noA cyAHOM, n 
MHoronyHeBbie, xorapbie npeAHa3HaneHbi Ana M3MepeHna rny6MHbi He Tonbxo noA cyAHOM, ho m Ha 3HaaMTenbHbix 
paccTOHHMHx ot Hero. B 3aBMCMMOCTM ot CBoero Ha3HaaeHMa m TexHnnecxnx xapaxTepncTnx axonoTbi 
noApa3Aenax)Tca Ha axonoTbi Ana Manbix m 6onbmnx rny6MH. Pa3AeneHMe Ha npocfieccnoHanbHbie m 
nra6MTenbCXMe axonoTbi aBnaeTca BecbMa ycnoBHbiM, nocxonbxy npn Mcnonb30BaHMM y3X0HanpaBneHH0T0 
M3JiyaaTena m axxypaTHO BbinonHeHHOM TapnpoBxe axonoTa yAaeTca AOCTMHb Aa>xe 6onbwen tohhoctm 
onpeAeneHMa my6nH [1-11]. 

TOHHOCTb M3MepeHMa rny6MHbi axonoTaMM 33 bmcmt ot mhotmx cfiaxTopoB, ynMTbiBaxjLAMX xax xoHCTpyxTMBHbie 
oco6eHHOCTM npM6opa, Tax m ycnoBMa M3MepeHnn [12-20]. 
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CneflyeT OTMeimb, b cnny CBoePi yHMBepcanbHOCTM m AeLueBM3Hbi M3roTOBneHMA OAHonyneBbie npoMepHbie 
axojiOTbi nonynMAM 6onee mnpoKoe pacnpocipaHeHne no cpaBHeHMio c MHoronyneBbiMM. ripn^eM nocneAHne 
abaaiotca 6onee actxfcexTMBHbiM cpeACTBOM, nocKonbKy BbinonHAiOT n3MepeHna rny6nHbi b nonepenHOM 
HanpaBneHnn b o6e dopoHbi ot axycTMHecKOM aHTeHHbi, cfiopMnpya Beep y3KMX axycTMHecKMX nynen b nonepenHOM 
nnocKOCTn cyAHa, M3MepATb my6nHy b npeAenax nynxa y3KOHanpaBneHHbix nyneM, n, cneAOBaTenbHO, nonynaTb 
TonorpacfcnHecKnn bha Mopcxoro AHa, cipomb pncfcpoByio MOAenb penbecfca Ana mam >xe era nceBAOo6teMHoe 
n3o6pax<eHne [1], 

no Mepe Toro, xax cyAHO abmwbtca, nonepenHbiM npocfwnb 3apemcipnpoBaHHbix 3HaneHnn rny6nH o6pa3yeT 
nonocy M3MepeHMM Ha AHe, cfiopMnpyA b pe3ynbTaTe ABMweHMA cnnowHyio nonocy axycTMHecKoro noxpbiTMA Ana, 
cocTOHLAyio M3 MHO>xecTBa aKycTMHecKMx nynen. IllMpMHa yxa3aHHon nonocbi noxp htma MOweT 3aAaBaibca: 
cfiMKCMpyeMbiM yrnoM o63opa (yron Mex<Ay kpbmhmmm nynaMM) mam <t>M3nHecKon wnpnHon, KOTopan abaabtca 
nepeMeHHOM BennHMHon, m M3MeHAeTCA c rny6nHon. nyTeM Bbi6opa Me>KAyraACOBoro paccTOAHMA mo>kho Ao6nTbCA 
coBMeiAeHMA mam Aa>xe AepeKpbiTMA CMe>KHbix noAOC m TaKMM o6pa30M o6ecneHMTb Tax Ha3biBaeMyio 
«nAOLAaAHyio» cteMKyAHa. 

Ha ceroAHALUHMM AeHb MHoronyneBbie axoAOTbi abaaiotca o6iAenpn3HaHHbiM cpeACTBOM nnoiASAHon 
6aTMMeipMHecKOM cbeMKM, 6AaroAapa Bbicoxon tohhoctm M3MepeHMA rAy6MH. 

Heo6xOAMMO OTMeTMTb, HTO MHOrOAyHeBOM 3X0A0T, B OTAMHMe OT OAHOAyHeBOrO, M3MepneT He TAy6MHbl, a 
HaxAOHHbie AanbHOCTM ot Ana ao npMeMHOM aHTeHHbi m yrAOBoe OTKAOHeHMe ocm xa>KAoro Ayna ot BepTMxanM, Ha 
OCHOBaHMM KOTOpbIX M BblHMCAAeTCA TAy6MHa nO K3>KA0My AyHy. COBpeMeHHbie KOHCTpyKAMM MHOrOAyneBblX 
axoAOTOB cnoco6Hbi M3MepATb Tax>xe MHTeHCMBHOCTb OTpa>xeHHoro CMmana no Kax<AOMy nyny m Ha ocHOBe stom 
MHcfcopMapnn co3AaBaTb reoMeTpMnecKM npaBMAbHoe axycTMAecKoe M3o6pa>xeHMe ynacTxa Ana b bmas 
rMAPOAOKapMOHHOrO CHMMKa. 

KpoMe Toro, Ha TOHHOCTb cteMKM oaho m MHoronyHeBbix axonoTOB cyiASCTBeHHoe bamahmc yKa3biBaiOT [1,4, 10,11, 
15-20]: 

1) TOHHOCTb M3MepeHMA paCCTOAHMM AO 06teKTOB AOKaiJMM (nOBepXHOCTb AHa, 06b.eKTbl Ha AHe, 06b.eKTbl M 
rpaHMMbi b TOALAe rpyHTa); 

2) TOHHOCTb M3MepeHMA yrAOB npMxoAa axo-CMmaAOB; 

3) TOHHOCTb HaBMrapMOHHOM ApMBA3KM MeCTOAOAO>KeHMA HOCMTeAA 3HTeHH; 

4) TOHHOCTb M3MepeHMA yrAOB era opMeHTapMM; 

5) pa6oHMM Anana30H (nacTOTOM cneAOBaHMA 30HAMpyiOLAMX MMnynbeoB); 

6) CKOpOCTb ABMX<eHMA (6yKCMpOBKM) axoAOTa; 

7) LLiMpMHa AnarpaMM M3AynaeMbix m npMHMMaeMbix Aynen; 

8) aAropMTM AOTeKTMpoBaHMA Ana; 

9) npocfiMAb BepTMKaAbHoro pacnpeAsneHMA cxopocTM 3Byxa b boas; 

10) HaCTOTbl 33A0>KeHMA TaACOB CbeMKM. 

L|enb MCcneAOBaHMA 

MopcKMe 6aTMMeTpMnecKMe xapTbi OTpa>xaiOT ocpeAHeHHbie nepTbi pacHAeHeHHOCTM noABOAHoro penbecfia, AeTaAM 
KOTOpOro H3CTMHH0 He CfDMKCMpyiOTCA. BCAeACTBMe 3T0T0 OCHOBHbIM MCTOHHMKOM npM M3yHeHMM paCHAeHeHHOCTM 

abaaiotca npocfcnnn penbecfca AHa, cocTaBAeHHbie no axorpaMMaM. 

Tax xax b onMcaHHbix anropMTMax M3MepeHMA penbecfia AHa 3xoaot3mm mmoiotca cyiAecTBeHHbie otamhma, to 
npeACTaBAneT MHTepec cpaBHeHMe AaHHbix 30HAnpoBaHMA, noAyneHHbix Ha oahmx m Tex >xe ynacTxax AHa stmmm 
CMCTeM3MM. 

06opyAOBaHMe m MeTOAMKa npoBeASHMA axcnepMMeHTOB 

flAA 06 beKTMBHOM OpeHKM TOHHOCTM M3MepeHMA 6blA BbinOAHeH PAA 3KCnepMMeHT0B no OAHOBpeMeHHOMy 
30HAMpOBaHMK) MHOTOAyHeBblM M OAHOAyHeBbIM 3X0A0T0M yHaCTKOB C OTHOCMTeAbHO pOBHbIM AHOM HepHOTO MOpA, 

coAep>xaiAMM 3arpe6bi, npeACTaBAAioiAMe co6om noABOAHbie Banbi b bmas necnaHbix HeBbicoKMX rpAA, TAHyiAMXCA 
napanneAbHO 6eperoBon amhmm. 

Aaa HMBennpoBaHMA noMex MCcneAOBaHMA npoBOAMAMCb b 6e3BeTpeHHyio noroAy, xorAa noBepxHOCTb BOAbi 
OTHOCMTenbHO cnoxonHa, a TeneHMA cna6bie. 3KcnepnMeHTanbHbie ynacTKM Bbi6MpanMCb tbkmm o6pa30M, HTo6bi 
xoporno npocMaTpMBanocb aho. 

B pa6oTax 6biAM 3aAsncTBOBaHbi ycTaHOBneHHbie Ha oahom m tom >xe cyAHe OAHonyneBon sxoaot Lowrance X-67C 
(pMC.1) m MHoronyHeBOM sxoaot SeaBat 8124 (pmc.2) npoM3BOACTBa KOMnaHMM TELEDYNE RESON. 
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Pmc. 1 . OflHonyneBOM axonoT Phc. 2. MHorojiyneBOM axonoT SeaBat 8124 

Lowrance X-67C 


KompcmbHbie npoiwepbi rny6nHbi ocyinecTBiiajiM pyHHbiM noTOM. 

CKopocTb flBM>KeHM!q cyqHa cocTaBJiana ao 2 y3iiOB. 
flnuHa Ka>KAoro ynacTKa cocTaBJiana 500 MeipoB. 

llepeA npoBeAeHneM n3MepeHMM Ka>KAbin M3 ynacTKOB AeianbHO Bi/i3yanbHO npocMaipuBaaca, nocae nero 
BKiiiOHajica axoaoT m npoBOAnnncb M3MepeHna. 

ripn o6pa6cm<e M3MepeHHM npnBne«anncb AanHbie cnymnKOBOi/i CMdeMbi HaBuraqun GPS/DGPS, M3MepeHna 
npocfn/insi CKopodn 3ByKa b BOAe, a TaioKe AaHHbie asthukob KpeHa, AncfccfcepeHTa m BepTHKanbHbix nepeMemeHnM 
cyAHa. 

Pe3ynbTaTbi OKcnepmvieHTOB 

Pe3yabTaTbi npoMepoB my6nH BAonb Tpex aKcnepmvieHTanbHbix ynacTKOB Tpacc npnBeAeHbi b BMAe rpac^MKOB Ha 
pno 3. 
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flnnHa,M 


6 ) 

Pmc.3. CpaBHemie rny6kiH, M3MepeHHbix oaho (1) m MHoronyneBbiM axonoTOM (2), a TaioKe jiotom (3) Ha 
nepBOM (a) v\ btopom ( 6) ynacTxe 

CpaBHeHwe axcnepMMeHTaabHbix ashhux yKa3biBaei Ha to, hto oaho m MHoroayneBbie CMCTeMbi b peaoM OTpawaiOT 
xapaKTep M3MeHeHMH peabecfra aohhom noBepxHOCTM, AaiOT 6an3Kne 3HaneHMfl ray6nH. OAHara 6oaee TOHHbie 
3HaneHna noxa3aa MHoroayneBOM axoaoT, nocxoabxy npM mx Mcnoab30BaHMM Mbi mvieeM noiiHoe noxpbiTMe Ana 
axycTHHecKHMH MMnyjibcaMM b HanpaBaeHMM nonepex ABM>xeHMa cyAHa, b OTAMHMe ot noxpbiTMH BAoab, xoiopoe 
xapaxiepHO Ana OAHoayneBoro axoaoTa. KpoMe toto, xoaMHecTBO aoayneHHbix 3HaneHMM ray6nH y MHorojiyneBoro 
axoaoTa npeBbiiiiaeT xoaMHecTBO c}3M3MHecxMX ayneM, hto ao3BoaaeT noaynaTb HecxoabKO 3HaneHMM ray6nHbi ot 
oahoto naana xoHTaxTa. 

Pa3anHna noayneHHbix AanHbix mo>kho o6bacHMTb caeAyioiAMMM cf)axTopaMM; 

1) HeaocToaHCTBOM m HeaMHeMHOCTbK) CKopocTM 3Byxa b boahom cpeAe; 

2) pa3anHneM 43M3MHecKne CBOMCTBa BepxHero caoa ocaAOHHbix OTao>xeHMM (wn, necox, pacTMTeabHOCTb Ha hmx); 

3) HaaMHMeM C06CTBeHHblX LLiyMOB BOAbi; 

4) pa3anHHOM LuepoxoBaTOCTbio noBepxHOCTH Aaa; 

5) oco6eHHOCTaMM nporpaMMHoro o6ecneHeHna; 

7) HaaMHMeM HaxaoHa Ana m HaHaocoB. 

npM cbeMxe c Mcnoab30BaHMeM OAHoayneBoro axoaoTa ochobhum cfiaxTopoM yBeaMneHMa noApo6HOCTM HBaaeTca 
cryLpeHMe ceTXM cteMOHHbix raacoB. 


Pe3ynbTaTbi 

CoBMecTHbie McnbiTaHMa oaho m MHoroayHeBoro axoaoTa xanecTBeHHoe coBaaAeHMe pe3yabTaTOB M3MepeHMM 
ray6MH btmmm CMCTeMaMM, a noayneHHbie AaHHbie noATBep>xAaK)T B03M0>xH0CTb BbiaoaHeHMa cbeMXM Aaa c 
TOHHOCTbK) BblHMCaeHMH Tay6MH, A0CT3T0HH0M A™ 06 eCneHeHMH 6e30aaCH0CTM CyAOXOACTBa. 

Mcaoab30BaHMe MHoroayneBoro axoaoTa ao3BoaaeT noaHOCTbio peiaaTb 3aAany AeTaabHOM 6aTMMeTpMnecxoM 
cteMXM, b OTaMHMe ot OAHoayneBoro. 
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ABSTRACT 

The problem of choosing the optimal software testing strategy is considered. The classification of testing approaches 
is given. The factors influencing the choice of type of testing are investigated. It is shown how these factors can be 
used to make decisions. Algorithms for choosing the type of testing are developed. Implemented a decision support 
system. 

Keywords: quality indicator, quality model, software testing, factors for choosing test approaches, types and 
methods of testing, frequency of releases, software defect, decision support system. 

PE3K5ME 

PaccMaipMBaeTca npo6neMa Bbi6opa onTMManbHOM cipaierMM TecTMpoBaHMa nporpaMMHoro obecneaeHMa. 
ripMBOAMTCH KnaCCMCflMKaUMH nOAXOAOB K TeCTMpOBaHMtO. MCCneAyiOTCH CfcaKTOpbl, BJlMHKJLAMe Ha Bbl6op TMna 
TecTMpoBaHMH. I1oKa3aHO, xax 3tm cfiaxTopbi MoryT 6biTb Mcnonb30BaHbi Ana npMHHTMa pemeHMM. Pa3pa6oiaHbi 
anropMTMbi Bbi6opa TMna TecTMpoBaHMa. Peanmosana CMdeMa noAAep>xxM npMHHTMa pemeHMM. 

KrihoneBbie cnoBa: noKa3aTenb xaaecTBa, MOAenb xaaecTBa, TecTMpoBaHMe nporpaMMHoro o6ecneaeHMa, 
CfcaXTOpbl Bbl6opa nOAXOAOB K TeCTMpOBaHMK), BMAbl M MeTOAbl TeCTMpOBaHMH, HaCTOTa penM30B, Ae<t> eKT 
nporpaMMHoro o6ecneaeHMH, CMCTeMa noAAep>xxM npMHHTMa pemeHMM. 

BBEflEHME 

BbiCTpoe yBenMueHMe cjio>khoctm m pa3MepoB coBpeMeHHbix xoMnnexcoB nporpaMM npM OAHOBpeMeHHOM pocie 
OTBeTCTBeHHOCTM BbinOJlHHeMblX CfjyHXIJMM pe3KO nOBblCMOO Tpe60BaHMH CO CTOpOHbl 3aKa3HMKOB M n0nb30BaTeneM 
k mx KanecTBy m 6e3onacHOCTM npnMeHeHMa. 1/lcnbiTaHHbiM cpeACTBOM o6ecneaeHMH BbicoxoM acfccfcexTMBHOCTM m 
xaaecTBa cfDyHxqMOHMpoBaHMH nporpaMM m nporpaMMHbix xoMnnexcoB HBnaeTca npoqecc mx TecTMpoBaHMa. 
TecTMpoBaHMe 3aTpaTHbiM, ho Heo6xoAMMbiM npoqecc. MHO>xecTBO bmaob m mbtoaob TecTMpoBaHMa Ha npaxTMxe 
Mcnonb30BaTb HeB03M0>XH0 M3-3a orpaHMaeHMM BpeMeHM m cpeACTB, cfjMHaHCOBbix m HenoBenecxMX pecypcoB. flna 
ynynmeHMa opraHM3aqMM npoqecca TecTMpoBaHMa Heo6xoAMMO Bbi6paTb HaM6onee qenecoo6pa3Hbie MeTOAbi Ana 
AaHHoro xoHxpeTHoro npoexia. 

UenbK) ashhom pa6oTbi HBnaeTca pa3pa6oTxa anropMTMa Bbi6opa nOAXOAOB x TecTMpoBaHMio Ana onpeAeneHMa 
CTpaTerMM TecTMpoBaHMa xa>xAoro xoHxpeTHoro nporpaMMHoro npoAyxia b cootb6tctbmm c 3aAaHHbiMM 
noxa3aTenaMM xaaecTBa nporpaMMHoro o6ecneaeHMa. 

KpMTepMM xanecTBa nporpaMMHoro npoflyKTa 

KaaecTBO nporpaMMHoro o6ecneaeHMa - ara Becb o6beM npM3HaxoB m xapaxiepMCTMx nporpaMMHOM npoAyxqnM, 
xoTopbiM OTHOCMTca x ee cnoco6HOCTM yAOBneTBopaTb ycTaHOBneHHbiM mom npeAnonaraeMbiM noTpe6HOCTHM [1]. 
ComacHO [2] xpMTepMM xaaecTBa nporpaMMHoro o6ecneaeHMa - sto Ha6op cbomctb (aTpM6yTOB) nporpaMMHOM 
npoAyxqMM, no xorapbiM Bee xaaecTBO oqeHMBaeTca m onMCbiBaeTca. 

MoAenb xaaecTBa - onpeAeneHHoe MHO>xecTBO xapaxiepMCTMx m B3aMMOCBH3eM Me>xAy hmmm, xorapbie 
o6ecneaMBaiOT ocHOBy Ana onpeAeneHMa Tpe6oBaHMM x xaaecTBy m oqeHXM xaaecTBa [3]. 

MoAenb xaaecTBa npoAyxia [3] cboamt CBOMCTBa xaaecTBa nporpaMMHoro npoAyxTa x BOCbMM xapaxTepncTMxaM, 
xoTopbiMM hbohiotch: 

1-ci Beynelxalq Elmi-Praktik Konfrans: 
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- 4DyHKUMOHa.nbHafl npuroflHOCTb; 

- ypoBeHb npon3BOflMTenbHOCTn; 

- y,qo6cTBO ncnojib30BaHM5q; 

- COBMeCTMMOCTb; 

- 3aLMMLMeHHOCTb; 

- Hafle>KHOCTb; 

- nepeHOCMMOCTb (Mo6nnbHOCTb); 

- conpoBowflaeiviocTb. 

B cbokd OHepeflb, Ka>Kflafl xapaKTepi/iCTMKa, coctomt m 3 pafla cooTBeTCTByKDLunxnoflxapaKTepi/iCTMK (puc. 1). 


KanecTBO chctcmw/ 
nporpaMMHOH npoayKiiHH 


OyHKUHOHajibHaa 

npHTOJIHOCTb 


OyHKUHOHajibHaa 

nojiHOTa 

OyHKUHOHajibHaa 

KOppeKTHOCTb 

OyHKUMOHajibHaa 

ue^ecoo6pa3HOCTb 


CoBMeCTHMOCTb 


C ocymecTBOBaHHe 
HHTeponepa6ejib- 

HOCTb 


Ha.ae>KHOCTb 


3aBepiiieHHOCTb 

r OTOBHOCTb 

OTKa30yCTOH4H- 

BOCTb 

BoccTaHaBJiMBae- 

MOCTb 


CoripoBOJtcaaeMocTb 


Mo^yjibHocTb 

Bo3MOHCHOCTb 

MHoroKpaTHoro 

HCn0Jlb30BaHHH 

AHaJIH3HpyeMOCTb 

MoaH(J)HUHpye- 

MOCTb 

TecTMpyeMOCTb 


ypOBeHb 

npOM3BO^HTeJlbHOCTM 


Y/W>6cTBO 

MCn0JIb30BaHMfl 




BpeMeHHbie 


Onpe^euHMoeTb 

XapaKTepHCTHKH 


npHrOJIHOCTH 

Hcnojib30BaHHC 


Hsy'iacMOCTb 

pecypcoB 


YnpaBJiaeMOCTb 

rioTeHUHajibHbie 


3auiHiixeHHOCTb ot 

B03MOJKHOCTH 


ouim6kh 

nojib30BaTejia 

3cTeTHKa 

nojib30BaTejibCKoro 

HHTepcJ)eHca 

JlocTynHOCTb 


3amHmeHHocTb 


FlepeHOCHMOCTb 




KoH(j)H^eHiiHajib- 


AaanTHpyeMOCTb 

HOCTb 


Y CTaHaBJiHBaeMOCTb 

I^eJIOCTHOCTb 


IisaHMoiaMt’Hne- 

I lenoaaejibHocTb 
OrcjieacHBaeMOTb 
rioaJIHHHOCTb 


MOCTb 


PucyHOK 1 - Moflenb KanecTBa npoAyxTa 

Madb flaHHbix KpmepneB KanecTBa 3aflaeica npn HanucaHnn TexHunecKoro 3aflaHna, nacTb OMeBMflHa, nacib 
MoweT 6biTb onpeaeneHa CTopoHaMM b npopecce pa3pa6oTKM nporpaMMHoro npoflyxia, ho bo mhodix cnynanx 
cfiyHKLiMOHaabHOCTb m Hafle>KHOCTb HBaaiOTca o6a3aTeabHbiMM KpmepHaMM KanecTBa nporpaMMHoro npoflyicra, 
npnneM o6ecneMeHne Hafle>KHOc™ xpacHOM Hmbio npoxoflm no BceM aianaM m npopeccaM pa3pa6oTKM 
nporpaMMHoro npoflyicra. OcianbHbie KpmepHM ncnonb3yiOTcn b cooTBeTCTBMM c Tpe6oBaHMHMH k nporpaMMHOMy 
npoflyKTy b 3aBHCMMOCTM ot noipe6HOCTeM nonb30BaieneM. 

PaccMOTpeHHbie b ashhom pa3flene noKa3aienn KanecTBa MoryT 6biTb M3MepeHbi nan oqeHeHbi nyieM 
TeCTHpOBaHHH. 

TecTupoBaHMe. Pa3pa6oTKa anropmMa Bbi6opa noAXOAOB k TecTnpoBaHMK> 

TecTMpoBaHMe - ara cnoco6 opeHKM KanecTBa nporpaMMHoro o6ecneMeHnn b TepMHHax HanAeHHbix AecfieKTOB, xax 
Ann cfiyHKAMOHanbHbix, Tax m Ann HecfcyHKui/iOHanbHbix Tpe6oBaHMM w xapaKTepHCTMK nporpaMMHoro o6ecneMeHnn 

[4]. 

TecTMpoBaHMe nporpaMMHoro npoAyxTa no3BonneT Ha npoTnxreHMM Bcero >KM3HeHHoro uw<na nporpaMMHoro 
o6ecneHeHnn rapaHTMpoBaib, hto nporpaMMHbie npoexibi OTBenaiOT 3aAaHHbiM napaMeipaM KanecTBa. PnaBHan 
penb TecTMpoBaHMn - onpeAenmb OT«noHeHMn b peann3aAnn cfiyHKAMOHanbHbix Tpe6oBaHMM, o6Hapy>KMTb owm6km 
b BbinonHeHMn nporpaMM v\ McnpaBmb mx ksk mo>kho paHbine b npopecce BbinonHeHMH npoeicra, to edb CHM3mb 
CTOMMOCTb pa3pa6oTKM nyieM paHHero o6Hapy>xeHMn Aect> eKT0B - 

CyLASCTByei MHOxrecTBO bhaob h MeTOAOB TecTMpoBaHMn. Knaccwdpmanwn B03M0>KHa no: 
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- AOCTyny k xoAy m apxMTexType npmiOKeHna (MeTOflbi 6enoro, nepHoro m ceporo niAMxa); 

- 3anyci<y KOfla Ha McnoaHeHMe (cTaTMnecxoe m AMHaMMnecxoe); 

-CTeneHM aBTOMaTM3apMM (pynHoe h aBTOMaTM3npoBaHHoe); 

- ypoBHio AeTaiin3apMM npMno>xeHMH (MOAyribHoe, MHTerpaAMOHHoe h CMCTeMHoe); 

- TexHMKaM m noflxoAaM (no3mnBHoe h HeraTMBHoe TecTMpoBaHMe); 

-deneHM b8>khoctm TecTMpyeMbix cfcyHXAMM (AbiMOBoe, TecTMpoBaHMe KpMTMHecKoro nyTM, pacmnpeHHoe); 

- npMBJieHeHMK) xoHenHbix nonb30BaieneM (anbcfca, 6eia, raMMa TecTMpoBaHMe); 

- periHM m 3aAanaM (no3MTMBHoe m HeraTMBHoe TecTMpoBaHMe, cfcyHXAMOHanbHoe m HecfcyHXAMOHanbHoe, 
TeCTMpOBaHMe HaAG>KHOCTM, BOCCTaHaBnMBaeMOCTM, 0TKa30yCT0MHM BOCTM, npOM3BOAMTenbHOCTM, MHTepcfieMCa, 
6e3onacHOCTM, coBMecTMMOdM, Harpy30HHoe, cipeccoBoe, K)3a6MnMTM-TecTMpoBaHMe, perpeccMOHHoe 
TecTMpoBaHMe) m ap [5]. 

Ho Ha npaKTMKe Bee BMAbi TecTMpoBaHMH Mcnonb30Baib HeB03M0>KH0 M3-3a orpaHMneHMM BpeiweHM m cpeACTB. flna 
OnTMMM3apMM npOpeCCa TeCTMpOBaHMST, Heo6xOAMMO COCTaBMTb nnaH TeCTMpOBaHMST, B KOTOpOM Hy>KHO Bbl6paTb 
HaM6onee penecoo6pa3Hbie MeraAbi Ann ashhoto KOHKpeTHoro npoexTa. 

flnn peiueHMH stom 33AaHM CHanana Heo6xoAMMO ccjiopMyjiMpoBaTb 3HanMMbie cfraxTopbi, Ha ocHOBe Korapbix 
MO>KHO AenaTb BblBOAbl O TOM, K3KHe MeTOAbl MCn0Jlb30BaTb. 

B pe3ynbTaTe npoAenaHHOM pa6oTbi o6o6LAeHbi m crpynnMpoBaHbi coeAyioiAMe cfraxTopbi: nacTOTa penM30B, 
xapaKTep CMCTeMbi, xpMTMHHOCTb AecfieKTOB, cno>KHOCTb CMCTeMbi, noKa3aTenM KanecTBa. 

riepBblM T3KMM CfcaXTOpOM HBAfleTCST HaCTOTa pejTM30B. PeOM3 BepCMM npOrpaMMHOTO npOAyKTa - CfDMKCMpOBaHHOe 
COCTOHHMe M3MeHeHMM B npOTpaMMHOM npOAyKTe, CBH3aHHblX C MCnpaBJieHMeM BblHBJieHHblX olum6ok 
cfiyHKAMOHMpoBaHMH nporpaMMHbix cpeACTB (3aMenaHMM) MJiM peanM3aL4MeM AonojiHMTenbHbix Tpe6oBaHMM 
3axa3HMxa (npeAiio>xeHMM), He npMBOAniAMx k M3MeHeHMio ma60jiotmm pa3pa6oTKM nporpaMMHoro npoAyxTa 
KOHKpeTHOM eTO BepCMM [6]. 

Btopom cfraxTop - 3 to xapaKTep CMCTeMbi. Online-CMCTeMbi m OAHonojib30BaTenbCKMe npMno>xeHM5T Heo6xoAMMO 
TecTMpoBaTb no-pa3HOMy. B nepBOM cnynae oco6oe BHMMaHMe Heo6xoAMMO yAennTb TecTMpoBaHMio Harpy3KM m 
K pymocyTOHHOM AOCTynHOCTM CMCTeMbi. Bo btopom cnynae npex<Ae Bcero Heo6xoAMMO npoTecTMpoBaTb 
6biCTpoAeMCTBMe npMnoxeHMH m era ycTOMHMBOCTb. nosTOMy CMCTeMbi pa3JiMHHoro xapaKTepa Hy>KHO TecTMpoBaTb 
p33HblMM nOAXOAaMM. 

T peTbMM paCCMOTpeHHbIM CfcaXTOpOM HBJineTCSl KpMTMHHOCTb AecfceXTOB. flecfjeKT - 3T0 OLUM6Ka b nporpaMMHOM 
o6ecneneHMM, npMBOAniAasr xoTxa3y. KpMTMHHOCTb AecfiexTOB 6biBaeT TpexypoBHen (BbicoxMM, cpeAHMM, hm3kmm). 
Ecjtm HauMHMe AecfcexTOB B CMCTeMe kpmtmhho, to Heo6xoAMMO yAennTb TecTMpoBaHMio 6onbine BpeMeHM, 

npMHMM3Tb BO BHMMaHMe 60 JlbLUe AeTaneM, OCyLAeCTBAHTb A b OMHOM KOHTpOJlb, npOBOAMTb TeCTMpOB3HMe Ka>KAOM 
33AaHM M TeCTMpOB3HMe CfiyHKAMOHajlbHOCTM, H3AB>KH0CTM M 0TKa30yCT0MHMBOCTM CMCTeMbi (MCXOAH M3 MaTepMailOB 
RSTQB m onbiTa TecTMpoBLAMKOB). Ecjim AecfcexTbi He KpMTMHHbi, to aoct3tohho npoBecTM TecTMpoBaHMe no 
3aAanaM m b xoHpe npoexTa perpeccnoHHoe TecTMpoBaHMe. 

ELAe oamh cfraxTop - sto >xM3HeHHbiM pMKn pa3pa6oTKM nporpaMMHoro o6ecneHeHMn. Mecra TecTMpoBaHMsr 
pa3nMHHO b pa3Hbix MOAennx pa3pa6oTKM nporpaMMHoro o6ecneHeHMH (BOAonaAHan, v-o6pa3Han, MTepapMOHHan, 
cnMpanbHan, rM6xasr MOAenb). 

CneAyiOLAMM cfraxTop - ypoBHM m TMnbi pmckob. YpoBeHb pMexa onpeAenneTcn BeponTHOCTbio bo3hmkhob6hmh 
He6naronpMHTHoro co6biTMH m era bamahmst. Pmckm Mcnonb3yiOTCST Ann onpeAeneHMH Toro, rAe HannHaTb 
TecTMpoBaHMe m k3kmm acneKTaM yAenMTb 6onbLuee BHMMaHMe, TecTMpoBaHMe Mcnonb3yeTcn Ann yMeHbweHMA 
PMCK3 B03HMKH0BeHMST He6AarOApMS1THblX actrcfieKTOB MOM MX nOCneACTBMM [7]. 

ELAe oamh cfraxTop - noxasaTenb xanecTBa. B 33bmcmmoctm ot Toro xaxori xpMTepMM xanecTBa npoBepneTca 
(H3Ae>XH0CTb, 3Cf}Cf)eXTMBH0CTb, npOM3BOAMTenbHOCTb M T. A-), Heo6xOAMMO Bbl6MpaTb pa3Hbie MeTOAbl 
TeCTMpOBaHMH. 

CneAyiOLAMM cfraxTopoM ABAAeTCA cno>xHOCTb nporpaMMbi. Cno>xHOCTb nporpaMMbi onpeAenneTca no cneAyiOLAMM 
xapaxTepMCTMxaM: xonMnecTBO CTpox xoAa, MaTeMaTMHecxan cao>xHOCTb. Ecam nporpaMMa BbinonHneT mhoto 
cfryHXAMM m coAep>XMT MHO>xecTBO MOAyneM, to ee Aynwe Bcero pa3AenMTb Ha 6noxn 3aAan m npMMeHMTb noAxoA 
TecTMpoBaHMH no 3aAanaM. 

Tax>xe xpMTepMHMM, onpeAensnoiAMMM noAxoA x TecTMpoBaHMto, hbohiotch HopMaTMBHbie CTaHAapTbi, Tpe6oBaHMH 
3axa3HMxa mom xoHTpaxTa, penn TecTMpoBaHMsr, AOCTynHan AOxyMeHTapMa, 3HaHMsr TecTMpoBLAMxoB, BpeMH m 
6iOA>xeT, m npeAbiAyiAMM onbiT o TMnax HaMAeHHbix AecfrexTOB. 

l/lcnonb3yn MCcneAOBaHHbie cfraxTopbi mo>xho pa3pa6oTaTb anropMTM Bbi6opa noAxoAOB x TecTMpoBaHMio. 

B 33BMCMM0CTM ot HacTOTbi penM30B (xa>xAyio HeAenio, pa3 b Mecsrp, pa3 b toa) cneAyeT Bbi6MpaTb pa3Hbie 
noAxoAbi m BbiAensTTb pa3Hoe xonMnecTBO BpeMeHM Ha TecTMpoBaHMe. 

Ecnn penM3bi npoBOAHTcn pa3 b HeAenio, to HeT bo3mo>xhoctm npOBOAMTb Aooroe m Macrae TecTMpoBaHMe. 
riosTOMy, onMpancb Ha MHoroneTHMM onbiT TecTMpoBLAMxoB, era Hy>xHO npOBOAMTb xa>xAbie 1-3 ahh. M nocne Hero 
perpeccMOHHoe TecTMpoBaHMe 3a cyTXM ao penM3a. llpM penM3ax pa3 b Mecsrp mo>xho npOBOAMTb TecTMpoBaHMe 
xax<Abie 3-7 AHefi ao penM3a. A Tax>xe MMeeTcn BpeMsr Ha TecTMpoBaHMe xax<AOM 3aAanM. Ecam penM3bi npoBOAHTcn 
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pa3 b rofl, to cneflyeT npoBOAMTb perpeccMOHHoe TecinpoBaHne Ka>KAbiM Mecap, a Taioxe TecTupoBaHne 
cfiyHKpMOHaabHOCTM m TedupoBaHne 3aAan 3a Mecap ao penn3a. 

Ha pacyHKe 2 npeACTaBneH aaropMTM Bbi6opa noAxopa k TecTupoBaHmo b 33bmcmmoctm ot aacTOTbi peaM30B. 



PucyHOK 2 - AaropMTM Bbi6opa noAxoAa k TecTupoBaHmo b 33bmcmmoctm ot aacTOTbi penn30B 

Ecam mu MMeeM AeTio c Mo6aribHbiM npnaoKeHneM, to Heo6xoAMMO npoBecTM TecTupoBaHne Ha SMyaaTope m 
perpeccMOHHoe TecTHpoBaHHe Ha peaabHOM ycTpoMCTBe. B cayaae Be6-npnao>KeHna hbao apoTecTMpoBaTb 
Harpy3Ky, cfcyHKpHOHaribHOCTb m (03a6naMTM. Ecam 3to AOKaabHbiM cepBMC, to caeAyeT apMMeHMTb caeAytoipMe 
noAxoAbi: TecTHpoBaHHe cfcyHKpMOHaabHOCTM, TecTHpoBaHHe OTKa3oycTOMHMBOCTM m Harpy3«M. B cayaae Be6- 
cepBHca Heo6xoAMMO Taioxe apoTecTMpoBaTb MHTepcjieMC B3anMOAeMCTBna. Ecam Mbi MMeeM Aeao c aoKaabHbiM 
apaao>KeHMeM, to Heo6xoAMMO npoBecTM TecTMpoBaHMe cfcyHKpMOHaaa aaropMTMOB m TecTMpoBaHMe koa3. Ecam 
3to MHoroaoAb30BaTeabCKoe apMao>KeHMe Ana J1BC, to hbao apoTecTMpoBaTb Harpy3Ky, H3AS>KH0CTb m 
C fiyHKpMOHaabHOCTb [8]. 

Ha pMcyHKe 3 opeACTaBaeH aaropMTM Bbi6opa aoAxoAa k TecTMpoBaHMio b 3aBMCMMOCTM ot xapaicrepa CMCTeMbi. 



PacyHOK 3 - AaropMTM Bbi6opa noAxoAa k TecTMpoBaHMio b 3aBMCMMOCTM ot xapaKTepa CMCTeMbi 

AaropMTM Bbl6opa MeTOAOB TeCTMpOBaHMa B 3aBMCMMOCTM OT B3>KHblX ATia pa3pa6aTblBaeMOM CMCTeMbi 
noKa3aTeaeM KaaecTBa 3aKAtoaaeTca b caeAytOLpeM. Ecam apoBepaeTca npoM3BOAMTeabHOCTb, to Heo6xoAMMO 
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npoBec™ Harpy30HHoe TecTupoBaHne, TecTupoBaHne Macujia6npyeMOCTM, o6teMHoe, cipeccoBoe, KOHKypemHoe 
TecTupoBaHne m TecinpoBaHne Mcnonb30BaHMa pecypcoB. Ilpn npoBepKe coBMecTMMOCTM Haflo npoBecTM 
KOHcfDurypapnoHHoe v\ Kpocc6pay3epHoe TecinpoBaHne. Ecjim TecTMpyeTca yflo6dBO Mcnonb30BaHMa, to 
H eo6xoflMMO BbinojiHmb TecTupoBaHne (03a6nnMTM, flOCTynHOc™, MHTepcfieMca, MHTepHapnoHanM3apMM m 
jiOKajiM3apMM. B cnyaae TecTupoBaHna h3A6>khoctm Hy>KHO npoBepmb OTKa3oycTOMHMBOCTb, BOCCTaHaBJinBaeMOCTb 
M Hafle>KHOCTb. 3aiHmneHHOCTb CMCTeMbi MO>KHO npoBepmb C nOMOIHbK) TeCTMpOBaHMa 6e30naCH0CTM. ripn 
TecTupoBaHMM nepeHOCMMOCTM Haflo BbinojiHmb TecTMpoBaHne aflaninpyeMOCTM, ycTaHaBJiMBaeMOCTM m 
B3anM03aMeHaeM0CTM. riocae toto iok npoTecTupoBaan Bee Heo6xoAMMbie noi<a3aTenM xaaecTBa, Hy>KHO 
npoiecTupoBaTb cfcyHKpMOHanbHOCTb CMCTeMbi (puc. 4). 



PucyHOK 4 - AnropMTM Bbi6opa noflxoAa k TecTupoBaHMK) b 3aBMCMMOCTn ot TecTupyeMoro no«a3aTena xaaecTBa 
1/lcxoAa m 3 BbimecKa3aHHoro, mo>kho CAenaib BbiBOA o penecoo6pa3HOCTMpa3pa6oTKM CMdeMbi noAAepwxM 
npMHaTMa pemeHMM Ana Bbi6opa motoaob TecTMpoBaHMa Ana KOHKpeTHoro nporpaMMHoro npoeicra. 

Pa3pa6oTKa CMCTeMbi noAAsp>KKM npMHaTMa pemeHMM 

Ha ocHOBe pa3pa6oiaHHbix anropMTMOB 6bina pa3pa6oiaHa CMCTeiwa tioaasp^kkm npMHaTMa pemeHMM Ana 
cocTaBJieHMa onTMManbHOM CTpaierMM TecTMpoBaHMa. 

L(enbio C03AaHMa ashhom CMdeMbi noAAep>KKM npMHaTMa pemeHMM aBnaeTca aBTOMaTM3apMa nocTpoeHMa 
CTpaTerMM TecTMpoBaHMa nporpaMMHoro o6ecneaeHMa. 

3aAaaM CMCTeMbi: 

- onTMMM3MpoB3Tb npopecc TecTMpoBaHMa; 

- CHM3MTb BpeMeHHbie m cfiMHaHCOBbie 3aTpaTbi Ha TecTMpoBaHMe; 

- onpeAenMTb CTpaTeraio TecTMpoBaHMa nporpaMMHoro o6ecneaeHMa c yaeraM 3aAaHHbix noxa3aTeneM 

KaaecTBa. 

Pa3pa6aTbiBaeMoe npMnoweHMe aBnaeTca noKanbHbiM OAHononb30BaTenbCKMM. flna pa6o™ c hmm 6bina 
peanM30BaHa 6a3a ashhux, b Korapyio coxpaHaiOTca peKOMeHAapMM no TecTnpoBaHMK) b 3aBMCMMOCTM ot 
Bbi6paHHbix nonb30BaTeneM 3HaaeHMM noxasaTeneM. MaTeMaTMaecKoe o6ecneaeHne nporpaMMbi noxa3aHO b bmas 
anropMTMOB, npMBeAeHHbix b pa3Aene 3. flna npoexTMpoBaHMa apxMTeKTypbi npMnoxreHMa 6binM pa3pa6oTaHbi 
AMarpaMMbi UML, a mmchho AMarpaMMa BapnaHTOB Mcnonb30BaHMa, AMarpaMMa aKTnBHOCTen, AMarpaMMa xnaccoB 
m AMarpaMMa pa3BepTbiBaHMH. 

CMCTeMa HanMcaHa Ha a3bixe nporpaMMMpoBaHMa C#. flna ee pa3pa6oTKM Mcnonb30BanMCb: cpeAa pa3pa6oTKM 
VisualStudio, CMCTeMa ynpaBneHMa 6a3aMM AaHHbix SQLServer, reHeparap OTaeTOB CrystalReports Ana co3AaHMa 
OTaeTOB m neaaTHbix cfiopM. 

Ha pMcyHxax 5 m6 noxa3aHbi HexoTopbie marM pa6oTbi c nporpaMMOM. Ha io>kaom mare nonb30BaTenb Bbi6MpaeT 
3HaaeHMe xpMTepaa. B 6a3y ashhux coxpaHaeTca cooTBeTCTByiOLAMM pe3ynbTaT. 
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OnpOCHMK 


(s) 


Bbi6epme xapaKTep CMCTCMbi 
Mo6nnbHoe npunoxeHne 

o Beo-npunoxeHne 
floKaJlbHbll^ CepBMC 
Be6-cepBnc 

floKanbHoe npnooxenne 
MHoronojib 30 BaienbCKoe npunoxeMne ann J1BC 


Ha3aa 


flanee 


PucyHOK 5 - Bbi6op xapaKTepa cucTeMbi 


□ 9 OnpOCMHK 


a 


HacKonbKO eaxHa HaaexHOCTb cucTeMbi? 

■- Q- 


0 - XlocTaTOHHO 6a30B0fl MaaexMOCTM 

100 - KaTeropuMecKn Heo6xoanMo o6ecneHHTb 
CTa6nnbHOCTb M 6e30TKa3H0CTb CUCTeMbl 


Ha3aa 


Zlanee 




PucyHOK 6 - Opem<a CTeneHM BaxHOCTM HaflexHoc™ cucTeMbi 

llocne Toro KaK nnpo, npuHUMatomee peweHne, nponaeT Bee warn, npnnoxeHne ccfropivinpyeT n BbiBeaeT m 6a3bi 
flaHHbix b KOMnoHeHT TextBox cooTBeTCTByromue peKOMeHAapnn no TecinpoBaHnto (pnc. 7). 
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■9 OnpocHWK 


(s) 


flnn Bawero npoeicra uenecoo6pB3HO npuMeHUTb 
cnen/tomne MeTOflbi TecTupoBaHns: 


PerpeccuoMMoe TecTupoBaMne 1-2 pa3a b Mecsu; 
TecTupoBaHn© Kaxaofl 3aoa4n; 

TecTupoBaMne Harpy3Kn; 

TecTMpoBaHne (pyHKLMOHanbHOCTvt ; 

TecTupoBaHne yao6crea HcnonbsoBaHUH: 
perpeccHOHHoe TecTupoBaHne; 

CMCT6MH06 TeCTMpOBaHMe i 
npneMOMHoe TecmpoBaHne, 

TeCTMpOBaHM nOCr/HHOCTU; 

TBCTupoBaMne MHTep<Pedca; 

TecrupoBaHne nHTepHaunoHann3aunn . 
TecTupoBaHne noKann3aunn; 

TectvipoBaHne 6e3onacHOCTw; 


PucyHOK 7 - Pe3yiibTaT pa6oTbi nporpaMMbi 


PE3yjlbTATbl 

MccneflOBaHbi coBpeMeHHbie MeraAbi TecTupoBaHna, paccMOTpeHbi MOflenn v\ no«a3aTenn KanecTBa nporpaMMHoro 
o6ecneHeHMH, BbifleneHbi cfiaKTopbi, Bnnatomne Ha Bbi6op MeTOflOB TednpoBaHMH xa>KAoro KOHKpeTHoro 
nporpaMMHoro npoflyiaa. Pa3pa6oiaHbi anropHTMbi Bbi6opa CTpaiernn Tec™poBaHna c yneTOM 3aAaHHbix 
noi<a3aTeneM KanecTBa. Pa3pa6oiaHa cwcieua noAAep>i<Kn npHHHTMH peiueHMH, no3BonsuoLMan Haw™ Hawny-nuni/i 
BapriaHT npoqecca TecTMpoBaHnnc yneTOM 3aAaHHbix noKa3aTenen KanecTBa, CHM3HTb BpeMeHHbie h cfinHaHCOBbie 
3aTpa™ Ha Tec™poBaHne. 

J1MTEPATYPA 

1. TOCT 28806-90 KanecTBO nporpaMMHbix cpeACTB. TepMMHbi m onpeAeneHMH 

2. TOCT P MC0/M3K 9126-93 l/lHcf3opMai4MOHHan TexHonomn. OpeHKa nporpaMMHori npoAyKijHM. 

XapaKTepncTMKM KanecTBa n pyxoBOACTBa no mx npnMeHeHmo 

3. TOCT P MC0/M3K 25010-2015 MHCfiopMaAMOHHbie TexHonornn. CncieMHan m nporpaMMHan MHxreHepnn. 
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MHOOPMAUMM B CETflX OECJiy>KMBAHMfl 

1/ICMaMJlOB B. r. 

Hai4MOHanbHaa AKaAeMna ABnaqHn (A3ep6aMfl>KaH) 
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ABSTRACT 

Information security systems (iSS), including the N-th number of security features, are considered. The system is 
represented as a multichannel queuing system (QS) with a Poisson flow of requests at the entrance. The goal of 
building its structure is pursued. At the same time, the process of servicing unauthorized access (SUA) request is 
also random. Security features in the iSS convert the source stream into streams of detected and skipped 
(undetected) unauthorized access requests. Models of iSS have been developed and simulation experiments have 
been carried out, the results obtained have been analyzed. 

Keywords: Information security systems, queuing systems, security features, unauthorized access. 


REZUME 

N sayda mudafia vasitasindan ibarat informasiya tahlukasizliyi sistemina (iTS) baxilmigdir. Sistema giri§inda puasson 
axim olan goxkanalli kutlavi xidmat sistemi (KXS) kimi baxilmi§dir. Onun strukturunun qurulmasi maqsadi nazarda 
tutulur. icazasiz mudaxilali (iM) xidmat prosesinda - sorgular da tasadufidir. iTS-da mudafia vasitasi ilkin axim 
a§karlanmi§ va buraxilmi§ (a§karlanmami§) iM sorgularina gevirir. iTS modeli i§lanmi§, imitasiya eksperimenti 
aparilmi§,alinmi§ naticalar tahlil edilmigdir. 

Agar sozlar: informasiya tahlukasizliyi sistemi, kutlavi xidmat sistemi, mudafia vasitasi, icazasiz mudaxila. 


PE3IOME 

PaccMOTpeHbi cncieMbi 6e3onacHOCTn HHcfropMaqnn (CBM), B«niOHaiOLune N-e KonnnecTBO cpeqciB 3aiAHTbi. 
CncTeMa npeflCTaBnaeicn xax MHoroKaHanbHan cncieMa MaccoBoro o6cny>KMBaHnn (CMO), nMetoman Ha Bxofle 
nyaccoHOBCKHM noTOK 3anBOK. npecneAyeicn qenb nocipoeHHn ee CTpyKTypbi. ripn 3tom npoqecc o6cny>KHBaHHfl 
HecaHKAHOHMpoBaHHoro Aociyna (HCfl)-3anpoca Taioxe nBnneicn cnynanHbiM. CpeACTBa 3aiAMTbi b CBM 
npeo6pa3ytOT ncxoAHbin noTOK b noTOKn o6Hapy>xeHHbix n nponyLAeHHbix (Heo6Hapy>KeHHbix) 3anpocoB HCfl. 
Pa3pa6oTaHbi MOAenn CBM n npoBeAeHbi nMniaqnoHHbie SKcnepnMeHTbi, npoaHann3npoBaHbi nonyneHHbie 
pe3ynbTaTbi. 

KjnoneBbie cooBa: CncieMbi 6e3onacHOdn HHcfropMaunn, cncieMbi MaccoBoro o6cnyx<nBaHnn, cpeACTBa 3aiAmbi, 
HecaHKqnoHnpoBaHHbin AOdyn. 


BBEflEHME 

l1po6neMa, CBH3aHHan c C03A3HneM CBM b ceinx o6cny>xnBaHnn, nBnneicn oahom H3 aKTyanbHbix 3aAan. B 
nmepaiype n3BecTHbi pa6oibi, b Korapbix n3yHaeicn xapaicrep HeramBHbix B03AenciBnn Ha cem o6cny>KHBaHHH 
[1-5]. Bo3AencTBnn Ha cem o6cnyx<nBaHnn ocyiAecTBnniOTcn, b ochobhom, n3 mo6anbHon cem Internet, 
HBnnioiAMecn He TonbKO cpeACTBOM noncxa nHctiopMaqnn, ho, k coxoneHnio, n cpeAon pacnpocipaHeHnn BnpycoB. 
CBM b cemx o6cny>KHBaHnn co3AaiOTcn Me>KAy pa3nnnHoro poAa cemMn o6cny>KHBaHHH c oahom dopoHbi n 
mo6anbHon ceibio c APyron. 3to CBoero poAa MewceieBon wmo3 (gateway), b cfryHKunn KOToporo bxoaht 
MHcneKunn n cfcnnbipaAnn npoxoAHiAsn nepe3 Hero nHct>opMaqnn. Taxan cipyxiypa MexceTeBbix coeAnHeHnn 
no3Bonnei pe3KO CHH3HTb yrpo3bi HCfl b cerax o6cny>xnBaHnn 3a cnei ncnonb30BaHnn cnoco6a “MacKapaAa” 
(masquerading), T.e. xorAa Becb hcxoahlamm n3 ce™ o6cny>xnBaHnn TpacfinK nocbinaeicn ot hmchu CBM, Aenan 
cem npaKTnnecKn «HeBMAHMbiMn» [1]. 

KpoMe Toro, b npo6neMe nHcfjopMaqnoHHon 6e3onacHOdn ceien B03Hn«aiOT 3aAann nocipoeHnn CTpyKTypbi 
cncieM 6e3onacHOdn, BKmonaiOLAne coBpeMeHHbie TexHnnecxne n nporpaMMHbie cpeACTBa c qenbio Komponn 
nepeAaBaeMon nHcfcopMaqnn. CBM, b ochobhom, coAepwm KOMnnexc nporpaMM, Tpe6yiomnx onpeAeneHHoro 
o6beMa naMmn [1-3]. 
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B Jimepaiype npeflno>i<eHbi pa3nnHHbie noflxoAbi no nccneflOBaHnto xapaicrepncTHK CBM b cemx o6cny>KHBaHna 
Ana Haxo>KASHna onTHManbHon dpyKTypbi CBM [1-4]. floa peweHna 3aAann nccneAOBaHna xapaKTepncTHK CBM b 
[ 1] ncnonb30BaH MeTOA o6o6iAeHHoro npnBeAeHHoro rpaAneHTa n b KaaecTBe no«a3aTena acpcpeKTHBHOOTn, 
Bbi6paHO MaieMaTnnecKoe o>KHAaHne BepoaTHOCTn noTepn ot HecBoeBpeMeHHoro pacnpeAeneHna coo6iAeHnn 
nocne cpnnbTpapHn b cem. 

B [5,6] paccMOTpeHbi MaTeMaTnnecKne MOAenn annapaTHO-nporpaMMHoro KOMnneKca 3aiAMTbi HHCpopMapHn ot 
H ecaHKpnoHnpoBaHHoro AOCTyna. 

OiMernM hto b OTnnnne ot [1,5,6] 3Aecb, b ochobhom, paccMaTpnBaeTca MOAenn CBM ot HCfl b ceTax 
o6cny>KnBaHna, npeACTaBnaiOLAne co6on N-e KonnnecTBO cpeACTB 3aLAnTbi (C3) c orpaHnaeHHon onepeAbio n 
yanTbiBatoiAne nponyLAeHHbie (Heo6Hapy>KeHHbie) 3anpocbi HCfl. Ohm B3anMOAencTByeT c noTOKaMH cnynanHbix 
co6biTnn - nonbiTOK HCfl, KOTopbie o6ycnoBneHbi He TonbKO AencTBnaMn 3noyMbiiuneHHHKOB, ho n OLun6KaMM b 
nporpaMMHO-TexHHHecKMx KOMnnexcax. 

CBM BbinonHaioT cneAytoiAne cpyHKpnn: 

• ocyiAecTBnaiOT 3aiAMTy ot 3noyMbiiuneHHHKOB; 

• BbinonHaioT nonbiTKM o6Hapy>KeHna HCfl; 

• npoBOAHT AencTBna no nx KnaccncpniOAHH; 

• AatOT cooTBeTCTByKJLAne peweHna Ana 6noKnpoBaHna HCfl. 

B [2] OTMeaeHO, hto noAo6Hbin npopecc, T.e. nonbiTKM HCfl b ce™ MoryT 6biTb onncaHbi HeopAnHapHbiMn 
cnyaanHbiMn noTOKaMM. 

B [6] c penbio ynpoLAeHna MOAenn paccMOTpeH opAHHapHbin pexyppeHTHbin noTOK nonbiTOK HCfl. OTMeTnM, hto 
H ecaHKpnoHnpoBaHHbie 3anpocbi Ha o6cny>KnBaHne B03HnKat0T He TonbKO no npnnnHe AencTBna 3noyMbiiuneHHHKa, 
ho n b cnny cneAyioiAnx npnnnH: 

• oluh6ok nporpaMMHoro o6ecneHeHna; 

• HenpaBnnbHon HacTponxn npaB AOCTyna; 

• HecooTBeTCTBHH ycnoBnn aKcnnyaTapnn CBM Tpe6oBaHnaM TexHnnecKnx ycnoBnn. 


B MOflenn npoqecc o6cny>KnBaHne HCfl-3anpoca mo>kho cnnTaTb cnynanHbiM hcxoah n3 cneAyioiAnx npnnnH: 

• cnynanHOCTb MOMeHTa noaBneHna 3anpocoB; 

• cnyaanHOCTb cocToaHna npopecca o6pa6oTKn b otot momcht n cnynanHOCTb B03M0>KHbix era coctohhhh b 
nocneAyiOLAne MOMeHTbi BpeMeHn. 

Mcxoah n3 n3no>KeHHbix Bbirne nono>KeHHH, CTpyKTypy hcxoahoh MOAenn CBM ot HCfl mo>kho npeAOCTaBnT b 
cneAyiOLAeM BnAe (pnc.1). 
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Pnc.1. CTpyKTypa MOAenn CBM ot HCfl 

B cncTeMe 3noyMbiiiineHHnK He noABepraeTca BXOAHOMy B03AencTBnio, ho CTapaeTca ocyiAecTBnTb pa3nnHHbie 
yrpo3bi b ceTn o6cny>KnBaHna. llocTynaiOLAne 3anpocbi ot HCfl noaBnatOTca c HHTeHCHBHOCTbio A Ha BXOAe CBM, 
BKniOHaioiAne N-e KonnnecTBO C3. CpeACTBa 3aiAnTbi npeo6pa3yiOT ncxoAHbin noTOK HCfl b noTOKn o6Hapy>KeHHbix 
n nponyLAeHHbix (T.e. pa3pe>xeHHbix) 3anpocoB HCfl c HHTeHCHBHOCTbio A. Ka>KAbin C3 b CBM xapaKTepn3yeTca 
BepoaTHOCTbKD nponycxa HCfl n BeponTHOCTbio o6ecneneHna 3aiAnTbi. 
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Ecjim paccMaipuBaTb cpefldBa 3amnTbi, cfryHKUMOHMpyiOLAMe b CBl/l KaK o6cay>KMBaiOLAMe npn6opbi, a 
nocTynaKJLnne 3anpocbi HCfl KaK Tpe6oBaHMa, to CBl/l b peaoM mo>kho paccMaipuBaib KaK MHoroxaHaabHyio 
CMdeMy MaccoBoro o6cay>KMBaHMn, Korapaa npuBepeHa Ha pnc.2. 
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Pmc.2. MHoroKaHaabHyio cwcTeMy MaccoBoro o6cay>KMBaHMn 

Pa3pa6oTaHa MMmapMOHHaa MOfleab CMCTeMbi Ha a3bixe GPSS (General purpose simulation system), 
npeflCTaBJimomaa co6om aaropMTM, onMCbiBatoiAMM noBefleHi/ie CMO, T.e. M3MeHeHMa cocToaHMa CMCTeMbi bo 
BpeMeHM npu 3apaHHbix noTOKax 3aaBOK, nocTynaroLAMX Ha bxoa CMCTeMbi. BxopHbie noTOKM 3aaBOK onpepenatOT 
BHeniHMe napaMeipbi CMCTeMbi. riapaMeipbi BbixopHbix noTOKOB onMCbiBaiOT cbomctbo cfiyHKUMOHMpoBaHMa 
CHCTeMbi m aBaaiOTca ee BbixoflHbiMM napaMeipaMM. B xaaecTBe BbixopHbix napaMeipoB CMCTeMbi 
paCCMaTpMBaeTCH KOaMHeCTBO 3aHaTblX npn6opOB B CHCTeMe, KOacfKtlMUMeHT MCn0Tlb30BaHMa npn6opOB 

o6cay>KMBaHMa m t.a. 

AnrOpMTM MMMTapMOHHOM MOflejlM CBM 

PaccMaipMBaeTca MHoroxaHaabHaa CMO, BKmoHatoipaa b KaaecTBe o6cay>KMBaiOLMMX npn6opoB N-e xoaMnecTBO 
C3 c orpaHMHeHHOM oaepeAbio m b KaaecTBe TpaH3aKTOB - aocTyaaiOLAMe 3anpocbi HCfl. CocToaHMe CMO 
xapaKTepn3yeica codoaHMaMM o6cay>KMBaiOLAMX npn6opoB, TpaH3aKTOB m oaepeAew b npn6opax o6cay>KMBaHMa. 
CocToaHMe npn6opoB o6cay>KMBaHMa xapaKTepn3yeica aorMaecxoM nepeMeHHOH, 3HaaeHna kotopom oapeAeaaeTca 
Kax «3aHaT» nan «CBo6oAeH». riepeMeHHaa, oaMCbiBatomaa cocToaHMe TpaH3aKTa, MO>xeT MMeib 3HaaeHMa 
«o6cay>KMBaHMa» nan «o>KMAaHMa». CocToaHMe oaepeAM oapeAeaaeTca xoaMaecTBOM HaxoAamMxca b Hew 
TpaH3aKTOB. 

llpeAnoaaraeTca, hto xoaMaecTBO aocTynaeHMfi 3aoyMbimaeHHHKa b TeaeHMe onpeAeaeHHoro nepuoAa BpeMeHM 
33BMCMT ToabKO ot apoAoa>KMTeabHOCTM aepuoAa Ha6aK5AeHMa. CpeAHaa MHTeHCMBHOCTb aodynaeHMa 
3aoyMbiniaeHHMKOB onpeAeaaeTca ao ayaccoHOBCKOMy 3aKOHy [6]. 

C peabKi nocipoeHMa MMMTapMOHHOM MOAeau CBM ot HCfl pa3pa6oTaHbi aaropMTMbi nocTpoeHMa MMMTapMOHHoe 
MOAeaM CBM b ceTax o6cay>KMBaHMa, Korapbie BKatoaatOT b ce6a caeAyioiAMe ayHKTbi: 

1) reHepapMio TpaH3aKTOB c peabio MMMTapMM nocTynaeHMa 3anpocoB HCfl; 

2) ecau MMeeTca CBo6oAHoe C3 b CBM - BXOAamue TpaH3aKTbi nponycxaroTca b CMCTeMy, b npoTMBHOM 
cayaae ocyipecTBaaeTca nepexoA k nyHKTy 6; 

3) opraHM3apMa oaepeAM Ana MMMTapMM 6ycfiepa 3aapocoB C3; 

4) ocyiAecTBaeHMe 33Aep>KKM c peabio mmmt3umm o6pa6oTKM C3 nocTynaroLAMX 3anpocoB HCfl; 

5) ocyipecTBaaeTca yHMHTOxeHMe TpaH3axTOB Ana aMKBMAapMM 3aapocoB HCfl Kax apoaymeHHbix, Tax m 
OT ceaHHbix C3; 

6) apoBepaeTca 3HaaeHMe BepoaTHOCTM aponycxa HCfl (HanpMMep 0,1) m BepoaTHOCTM o6ecneaeHMa 3aipMTbi 
(HaapMMep 0,9), T.e. b 3aBMCMMOCTM ot aocTaBaeHHbix 3HaaeHMM stmx BepoaTHOCTeM b aaropMTMe aM6o 
TpaH3axT yHMHTO>xaeTca, aM6o ocyipecTBaaeTca nepexoA k nyHKTy 2. 

Ha ocHOBe AaHHoro aaropMTMa Ha H3bixe GPSS pa3pa6oTaHa MMMTapMOHHaa MOAeab CBM m noayaeHbi 
pe3yabTaTbi, npeACTaBaeHbie Ha puc.3 Ana naTM nporoHOB. 
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Pnc.3.Pe3ynbTaTbi MMMTaqMOHHOM MOflean CBM 

ripn 3tom BbinojiHeHHbix nporoHOB MOflenw v\Mvnauyw\ uccaeAOBaHbi xapaKTepucTMKH CBM b ceiax 
o6cny>KMBaHMH m onpeAeneHbi caeflyiOLAMe tshashlimm M3MeHeHMH ocHOBHbixee xapaKiepucTMK Kax: 

- KOJiMnecTBO 3aHHTbix npn6opoB b CMCTeMe; 

- K03Cf}Cf3m4MeHT MCn0nb30BaHMH npn6opOB 06cny>KMBaHMH B CMCTeMe. 
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Pnc.4.TeHfleHL(MM M3MeHeHMH KOJiMHecTBO 3aHaTbix npn6opoB (rony6an omhhh) b cucTeMe u KoactutinpneHT 
ncnojib30BaHna npn6opoB o6cay>KMBaHMa (KpacHan omhhh) (Macujia61:1000) 

BbmBneHHbie pe3ynbiaTbi no«a3biBaioT, hto npn o6Hapy>KeHHbix m nponymeHHbix 3anpocax b cucieMe TeHflGHpua 
M3MeHeHna xonunecTBa 3aHHTbix npn6opoB b cucieMe n Koac|)4)i/iuMeHT ncnonb30BaHnn npu6opoB o6cny>KMBaHMH 
cooTBeTCTBeHHO cocTaBnniOT 1,185; 0,720; 0,885; 2.000; 1500 m 0,945; 0,443; 0,712; 0.978; 0.962 (pnc.4). 
nojiyneHHbie pe3ynbiaTbi noATBepxflaioT CAenam-ibie npeAnoao>KeHMe o tom, hto nonBnem/ie nponymeHHbix u 
o6Hapy>xeHHbix TpaH3aKTOB 3aBMCMT ot npoAonxoiTenbHOc™ nepnofla Ha6moAeHun. llonyHeHHbie pe3yobTaTbi 
MoryT 6biTb ncnonb30BaHbi b ceTnx pa3nMHHoro Ha3HaHeHnn. 


3AKJ1IOHEHME 

ripeATio>KeH noAxoA k uccneAOBaHmo xapaKTepucTUK CBM b ceTnx o6cny>KMBaHMH. Pa3pa6oTaHbi aoropuTMbi m 
MOAenn uccjieAOBaHMH xapaicrepncTMK CBM, npoBeAeHbi MMUTapnoHiHbie axcnepuMeHTbi v\ nonyneHbi 
cooTBeTCTBytOLAne pe3yobTaTbi. riocneAHne MoryT 6biTb ncnonb30BaHbi npn nocTpoeHMM HOBbix mom MOAncf3w<ai4MM 
cyiAecTByiOLAnx CBM b ceTnx pa3nnHHoro Ha3HaHeHna. 
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MHOOPMATMBHOCTb no UJEHHOHY nAPAMETPOB MAIEMATMHECKMX 
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PE3K5ME 

B pa6oie paccMaipaBaeTca 3aAana 06 MHC^opMaTMBHOCTM napaMeipoB MaieMaiaaecKax MOAenea, Aaeica 
cpaBHmeubHbiM aHana3 MeioflOB, KOTopbie Ana 3 tom penu MoryT 6biTb npuHaT 3a ocHOBy. PaccMaTpaBaioica 
mctohhmkm a cnoco6bi npeo6pa30BaHaa aHcfcopMapaa npmvieHmenbHO k opeHiOM MHcfcopMaiaBHOCTa napaMeipoB. 
AnropmM opeHKa MHC^opMaiaBHOCTa napaMeipoB MaTeMaiaaecKoa MOAena M3no>KeH Ha MOAenbHbix npaMepax a 
CAenaHbi cooTBeiciBytoiAae BbiBOAbi. 

KnhoneBbie cnoBa: MHcfcopMaiaBHOCTb, MaTeMaianecKaa MOAenb, napaMeipbi MOAena, Mepa MHcfcopMapaa, 
SHTponaa, BepomHOCTb, Mepa LileHHOHa 

BBEflEHME 

l/l3BecTHO, hto ycneujHoe peweHae cno>KHbix HaynHO-TexHanecKax, SKOHOManecKax a APyrax 3aAan coBpeMeHHoa 
npaKTHKH bo MHoroM 3aBncm ot npaBMnbHoro nocipoeHaa ax MaieMaianecKax MOAenea. AAeKBaTHOCTb 
MaieMaTMHecKMx MOAenea k AeucTBmenbHOCTH, APyraMa cnoBaMa, cieneHb cooTBeTCTBaa pe3ynbiaTOB, 
nonyneHHbix ot hmx peanbHoa AeacTBMTenbHOCTa Ana OTpaweHaa, kotopom OHa 6bina nocipoeHa, aBnaeica 
ocHOBHbiM Tpe6oBaHneM, npeAtaBnaeMbiM k hum. MaieMaTanecKae MOAena peanbHbix o6beKTOB 
xapaKTepn3yiOTca paAa pa6oanMn napaMeipaMa, Ha KOTopbie ohm 6a3apyi0TCH. HoBbie 3HaHna a acfictieKTMBHbie 
pemeHaa, nonyaeHHbie xax pe3ynbiaT npaMeHeHaa nocipoeHHoa MOAena Ana M3yaeHna o6beKTa 3aBMcm ot 
HH cf^opMaTHBHOCTM 6a30Bbix napaMeipoB MaieMaTMHecKHx MOAenea. Macno 6a30Bbix napaMeipoB MOAena 
aBnaeica Mepoa ee cao>khoctm. 

EciecTBeHHO, hto HCKmoneHHe He MHcfcopMaTMBHbix napaMeipoB He TonbKO ynpomaeT accneAOBaHaa MOAenea, ho 
a AaeT B03MO>KHOCTb Ana 6onee acfccfieKTaBHoro pemeHaa nociaBneHHoa 3aAana, ynpoiAaeT ee, a Taioxe co3AaeT 
ycnoBMa Ana 6onee papaoHanbHoa opraHa3aqaa Bcex sianoB npopecca n3yaeHna nccneAyeMoro aBneHHa. 
l/lcKmoneHae He MHcfcopMaTMBHbix napaMeipoB aBnaeica qeHHbiM Ana ynpoujeHaa MOAena c coxpaHeHHeM ee 
3H3HHM0H aacTa. l1o3TOMy oueHxa MHcfjopMaTHBHOCTM napaMeipoB Ana Bcex THnoB MOAenea, oco6eHHO Ana 
MaieMaTMHecKMx MOAenea, MMeei Ba>KHoe 3HaaeHne npa accneAOBaHaa peanbHbix npopeccoB. Ohm cociaBnaiOT 
ocHOBy MOAenapoBaHMa m aBnaiOTca peHHbiMa Ana M3yaeHMa HayaHO-npaKTMaecKMX HBneHaa m nonyaeHMa HOBbix 
3H3HMM. OpeHKa MHcfiopMaTMBHOCTM napaMeipoB MOAenn >KenaienbHO npoBOAMT b npopecce mo6oro 
MOAenMpoBaHMa. B HexoTopbix cnyaaax 3Ta pa6oia npoBOAmca MHTyMTMBHO Ha ypoBHe axcnepTHbix coo6pa>KeHMM. 
HaMnyaujMM BapaaHTOM opraHM3auMM stom pa6oibi aBnaeica o6beAHHeHaa SKcnepTHoro m BbiHMcnMTenbHoro 
noAxoAOB. l/lHcfiopMaTMBHOCTb napaMeipoB MaieMaTMHecKMx MOAenea aBnaeica qeHHbiM m Ba>KHbiM BonpocoM 
ycneujHoro MOAenapoBaHaa. MH<£opMaTMBHOCTb npa3HaKOB xax o6beKT M3MepeHMa aHcf^opMapaa m pa3Aen 
MHcfiopMaTMKM, paccMOTpeH b nepeceneHae cacieMHoro aHana3a, MaccaBa 6onbmnx ashhux, Teopaa 
MASHTacfDaKaAMa, ciaiaciaKa a BepoaTHOCTea. riosTOMy pemeHaa paccMaipaBaeMoa 3aAaaa HaxoAaica b 
nepeceneHaa coBpeMeHHbix mbtoaob MHcfcopMaTaxa b coaeTaHaa c Ha3BaHHbiMM o6naciaMa. 

riocTaHOBKa 3 aAaaa 06 MHcf)opMaTMBHOCTa napaMeipoB MOAena 

no HacToamee BpeMa HeT eAHHoro onpeAeneHaa MHcfiopMaTMBHOCTM nio6bix coo6iAeHaa, TexcTOB, npa3HaKOB a t.a. 
B 3aBMCMMOCTa ot noAxoAOB accneAOBaHaa k 3T0My Bonpocy acnonb3yiOTca pa3Hbie onpeAeneHaa 
MHctiopMaTMBHOCTM b 3aBacaMOCTM ot o6naciea ax BCTpeaa. Mbi Hawe noA MHcfiopMaiaBHOCTbio napaMeipoB 
MOAenea 6yAeM noHMMaTb BenaaaHy, KonaaecTBeHHO xapaKTepa3yiomyio AeacTBaa ashhoio napaMeipa ana 
npa3HaKa (ana >xe ax Ha6opa) b AOda>KeHaM onpeAeneHHbix ana owaAaeMbix 3HaHaa ana >Ke MHCfcopMapaa, b 
pacno3HaBaHaa KnaccoB o6beKTOB. 

OpeHKa MHcfiopMaTaBHOCTM napaMeipoB MaieMaiaaecKax MOAenea 6a3apyeica Ha MeraAbi M3MepeHaa 
aHC^opMapaa coAep>KaiAaaca b coAep>KaHMM sthx napaMeipoB. 1/lHctiopMaTMBHOCTb napaMeipoB CBa3aH c Aonea 
MHcfiopMauMM, KOTopyio HOcaTb opeHMBaeMbiM napaMeip b o6myio cxeMy Bcero npopecca nocipoeHaa MOAena, ot 
H aaana ao nonyaeHMa hoboto 3HaHaa. IXl3BecTHO, hto Ana pemeHaa oahom a tom >xe npaKnaAHoa 3aAaaa MoryT 
6biTb npaMeHeHbi pa3naHHbie MaTeMaianecKae MOAena. OcfjctieKTMBHbiM aBnaeica tot MOAenb, b Korapoa 6a30Bbie 
napaMeipbi aBnaioica 6onee MHCfDopMaiaBHbiMM. Taxae napaMeipbi Haa6onee xapaicrepHbi Ana M3yHeHaa, 
paccMaTpaBaeMoro npopeccoB. B npaHqane Aona MHcfiopMaTMBHOCTM Kax<Aoro napaMeipa MOAena b nonyaeHHOM 
hobom 3HaHaa, npa npaMeHeHMa ashhom MOAena, 3aBacai ot ee aHcfiopMaTMBHOCTM. OAHaxo, He cyiAecTByiOT 
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npaMbix MeTOflOB opeHKM a M3MepeHaa yKa3aHHOM aojim b noayHeHHbix 3HaHnax ot npuMeHeHna MOAena a 
MHC^opMaTMBHOCTM ee napaMeipoB. 

XopOLUO M3BeCTeH KBaHTOBbIM XapaKTep MHCtDOpMapMM. Taxaa npupOAa MHC})OpMaUMM CBH3aH C KBaHTOBOM 
xapaxiepoM camanoB, KOTopbie aBnaiOTca HocaienaMa aHcf^opMapaM, He3aBacaMO ot ax mctohhmkob. KBaHTOBaa 
npupoAa MHcfcopMauaa yKa3biBaei Ha TecHyio B3aaMOCBa3b MHcfcopMaTaxa a KBaHTOBoa MexaHMKH [1-5]. He 
cnynaaHO, hto 6yAyiAee MHc|)opMaTHKn CBa3biBaioT c pa3pa6oTKoa KBaHTOBbix KOMnbiOTepoB. OAHaKO, KBaHTOBaa 
npapoAa MHcf^opMapHM Tatoxe He AaeT npaMbix MeTOAOB M3MepeHna aHcfropMaTMBHOCTa napaMeipoB 
MaieMaTMHecKMx MOAenea. B stom noAxoAe Taioxe HeT scfcctieKTaBHbix KpaiepaeB M3MepeHMa aHcfcopMaTMBHOCTa 
napaMeipoB MaieMaianecKax MOAenea. 

CiaTMCTHHecKMe MeTOAbi MCcneAOBaHMH npn3H3K0B acnbuaHaa aBnaiOTca HaynHO o6ocHOBaHHbiMM MeTOAaMa. 
Oco6eHHO MeTOAbi KoppenaAaoHHO-perpeccaoHHoro aHana3a aBnaiOTca none3HbiMH Ana M3yaeHna peanbHbix 
aBJieHMH. MeTOAbi KoppenauaoHHO-perpeccaoHHoro aHann3a Taioxe He pa3pa6oiaHbi npaMeHaienbHO Ana oqeHKi/i 
MHc|)opMaTMBHOCTM onpeAeneHHbix KnaccoB npn3HaKOB. l/l3BecTHbi pa6oTbi no KoppenauaoHHO-perpeccaoHHOMy 
aHann3y, TAe «03cfxf)a paeHTbi Koppenauaa ana perpeccaa npeAnaraiOTca acnonb30BaTb b KanecTBe 
XapaKTepMCTMK B3aaMOCBH3M BenMMMH MOAenen. OAHaKO, MHCfcOpMaTaBHOCTb npM3HaKOB HOCaT OTJlMHaiOLASe 
cbomctbo Helena yKa3aHHbie K03cf)cf)M paeHTbi [1]. 

OijeHKa no lileHHOHy HHcfropMaTHBHOCTa napaMeipoB MOAena 

B Teopaa aHcfcopMapaa Ana ee M3MepeHna npHMeHaiOTca pa3Hbie noAxoAbi a cfcopMynbi, Ka>KAbia M3 Korapbie 
MMeiOT cboh oco6eHHOCTM, HeAOCTaTKM a npeHMyiAecTBa. Oahmm m 3 HaM6onee pacnpocipaHeHHbiM m 
onpaBAbiBaioiAMM ce6a b TeopeianecKOM m npaKTanecKOM nnaHe noAxoAOM M3MepeHMa MHcfcopMapaa aBnaeica 
cfcopMyna LUeHHOHa. 3 to cfcopMyna, c oahom CTopoHbi, 6a3Mpyeica Ha cfcyHAaMeHTanbHoe noHame SHTponaa m 
ycneujHO 6bin Mcnonb30BaH b Teopan CMCTeM. C APyroa CTopoHbi, M3BecTHbi He Mano cnynaeB ycnewHoro 
npMMeHeHMa ee b npaKTMKe Ana M3MepeHMa aHcfcopMapaa. lloaTOMy Hax<e Ana M3yaeHMa m oqeHKM 
MHcfjopMaTMBHOCTM napaMeipoB MaieMaTMHecKMx MOAenea npMMeHeHa cfxjpMyna LUeHHOHa. KpoMe toto, yxa3aHa 
CBa3b 3Toro Bonpoca c Teopaea v \ p , eHiv \^ vw . auyw \ (Teopaea o6paTHbix 3aAan), KOTopaa Tatoxe aBnaeica oahmm m 3 
cfiyHAaMeHTanbHbix pa3AenoB MHcfiopMaTMKM m TeopMM MaTeMaTanecKoro MOAenMpoBaHMa. ilpaMeHeHae cfropMynbi 
LUeHHOHa 6a3Mpyeica Ha BepoaTHOCTax AOCTaweHan ashhoto napaMeipa onpeAeneHHoa rpaAapaa. flna 
BbNMcneHMa stmx BeponTHOCTea b npaKTaxe o6biHHO nonb3yiOTca CTaTacTanecKa m noAxoAOM. 

riycTb co6biTMe a MO>xeT HaxoAMTbca b n coctohhmm m BepoaTHOCTb Haxox<A6HMa era b i-OM cocioaHMM ecTb piE(0,1) 
, i=1 ,2,..,n. TorAa SHTponan, xax CTeneH HeonpeAeneHHOCTM co6biTMM a MMeeT 3HaneHae 


H(a) = - Z" =1 Pi logpi 


( 1 ) 


Ba3Mpyacb Ha 3Ty cfiopMyny SHTponaa LUchhohom 6bina ashb cfiopMyna M3MepeHMa MHcfDopMapMM. Onapaacb Ha 
cfcopMyny LUeHHOHa o Mepe aHcfcopMapaa noA MHcfcopMaTMBHOCTbio napaMeipa v MaTeMaianecKoa MOAena no 
LUeHHOHy 6yAeM noHMMaib BenanaHy 


W(v)= -Ef =1 Pilogpi 


( 2 ) 


rAe pi - BepoaTHOCTb AOCTMxeHaa ashhoto napaMeipa i-yio cocToaHae ana rpaAapaa. 

B MaieMaTaaecKOM MOAenapoBaHaa npopeccoB c noMOLAbio bboammux BenanaH, BbipaweHaa a napaMeipoB ohm 
ct>opManM3yiOTCH. Bcex Taxax BenanaH H330BeM 6a30BbiMa napaMeipaMa MOAena. ilpeAnonowaM, hto HexoTopbia 
napaMeip MOAena v npaHMMaeT 3HaaeHaa b o6nacia V HeKOToporo eBKnaAOBO npocipaHCTBa. flonycTMM, hto 
o6nacTb V eciecTBeHHbiM o6pa30M pa36ai Ha n ypoBHea, rpaAapaa Vi, i=1,2,...n, to ecTbV= f/ i ” 1 Vi. riycTb 

BepoaTHOCTb AOCTMweHHH 3T0T0 napaMeipa i-oa rpaAapaa ecTb pi i=1,2.n. TorAa MHcfcopMaTMBHOCTb napaMeipa 

v MaTeMaiaaecKoa MOAena BbiaacnaeTca no cfiopMyne (2). 

Ba>KHbiM BonpocoM aBnaeica onpeAeneHae BepomHOCTea AOda>KeHaa npa3HaKa i-oa rpaAapaa. IlycTb 
npoBOAMTca M acnbuaHaa Ana BbiaBneHaa CTaTMCTMKM no 3T0My npa3Haxy. ripeAnonoxraM, hto m3 M acnbuaHaa 

npa3Haxa v cocToaHaa i-oa rpaAapaa 6bin AOCTMHb b mi , i=1,2.n, pa3. TorAa BepoaTHOCTb AOCTaxreHaa i-oa 

rpaAapaa napaMeipoM v 6yAeT 

Pi=mi / M , i=1,2.n. (3) 
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TaKMM o6pa30M, M3no>xeHHbiM noflxofl nBnneicn o6lamm Ann opeHXM i/mcfcopMaTMBHOc™ mo6oro napaMeipa 
moasom. Bcto npopeflypy taxom oqeHXM mo>kho m3oo>xmt b cneflytomeM boas 

1 . OnpeAsnneicn o6nacib AonyciMMbix 3HaneHMM V napaMeipa moasom v, 

2. npoBOAmca edecTBeHHoe noxpbiTMe (mom pa36neHne) o6nacTM V rpaflapnaMn (mom ypoBHnMM) Vi, 
i=1,2,...n, to edb U- 1 ^ Vi ...=1,2,..., n 

3. npoBOflnTca M McnbuaHMM c napaMeipoM moasom v. 

4. BbHMcnniOTcn HMcna AOCTM>xeHMn i-on rpaflapnn, hmcoo mi, i=1,2 . n, 

5. OnpeAsnneicn BeponTHOCTb AOCTM>xeHMn i-OM rpaflapnn no cfrapMyne 

6 . 

a. pi=mi/M , i=1,2,...,n. 

b. 

7. BbHMcnneicn MHcfrapMaiMBHOCTb napaMeipa MaieMaiMnecxoM moasom no cfrapMyne 

8 . 

a. W(v)= -Z"=i PilogPi 

ripnBefleM npnMep, o6tncHniOLAMM opeHxy MHcfcopMaTMBHOCTM napaMeipoB moasom. ripocibiM npnMepoM k 
CKa3aHHOMy MO>xeT 6biTb ash H3 MeAnpMHbi. B MeAMpMHe TeMnepaiypa nBnneicn CMMnTOMOM Ann mhotmx 
6one3Hen. l/lHcfiopMaTnBHOCTb npn3HaKa «TeMnepaiypa» y pa3Hbix 6one3Hen pa3Han. flon onpeAsneHMn stom 
nHctiopMaTHBHOCTn, o6biHHO, npoBOAmcn pnA ncnbuaHnn. HanpnMep, b TeneHMn HexoToporo BpeMeHM npoBOAmcn 
onpeAeneHHoe KonnnecTBO n3MepeHnn TeMnepaiypbi. riycTb o6LAee KonunecTBO ncnbnaHnn-n3MepeHne 
TeMnepaiypbi ecTb M, KonnnecTBO AOCTM>xeHMn i-oxi rpaAapnn ecTb mi , i=1,2,...,n. 3th HMcna AaiOT B03M0>xH0CTb 
onpeAenmb BeponTHOCTb AOCTM>xeHMn pa3Hbix 3HaneHMM-rpaAaAMM TeMnepaiypbi. 3tot npopecc, era 
MHCfcOpMaTMBHOCTb y>Ke MHOTO BbinCHneT O Cf)H3HHeCKOM COCTOnHMM 6onbHOTO. AHanOTOM 3T0T0 npopecca M3 
MeAMpMHbi nBnneicn M3yneHne MHcfcopMaiMBHOdn napaMeipoB MaieMaTnnecxnx MOAsnen. 

06paTMMcn k npMMepy APyroro xapaxiepa. riycib naynaeicn Hexorapbin npopecc TennonpoBOAHOCTM m 
Heo6xoAMMO era MaieMaTMHecxoe MOAenMpoBaHMe. hpeAnono>xnM, hto v nBnneicn xoacficfinAneHTOM 
TennonpoBOAHOCTM. Mepe3 x, t, T o6o3HannM, cooTBeTCTBeHHO, npocTpaHCTBeHHoe nepeMeHHoe, BpeMemnoe 
nepeMeHHoe, pacnpeAsneHnn TeMnepaiypbi. B 3aBMCMMOCTM ot toto xax xoacficfjnAneHT TennonpoBOAHOCTM, to 
edb napaMeip moasom 3aBMCMT ot t, ot (x,t), ot (x,t,T) nnn >xe ot APyrnx cfcaxiopoB moasom Mbi MMeeM 
pa3nMHHbie ypoBHM ynaciMn 3toto napaMeipa b npopecce TennonpoBOAHOCTM. no stom npMHMHe, Koacficf^MAMem 
TennonpoBOAHOCTM B MOASOM TennonpoBOAHOCTM MO>XeT MMeTb pa3HyiO MHCflOpMaTMBHOCTb B 3aBMCMMOCTM OT 
ynacTMn stoto napaMeipa b pemeHnn paccMaipMBaeMOM xoHxpeiHOM 3aAanM no ashhom moasom. B Kax<AOM 
KOHKpeTHOM cnynae BbNMcneHMe MHcfiopMaTMBHOCTM 3aAaHHoro napaMeipa moasom npoBOAmcn M3no>xeHHOM 
Bblliie MeTOAMKOM. 

flpyrMM npMMepoM o6-bncHmoiAse MeTOAnxy opeHXM MHcfcopMaTMBHOCTM napaMeipoB moasom MO>xei 6bnb 3aAana o 
papMOHanbHOM cfiopMMpoBaHMe xnaccoB (yHe6Hbix rpynn) b wxonax. PapMOHanbHOdb b ashhom cnynae 
noHMMaeTcn b onpeAsneHMM Taxoro HaM6onbiiiero HMcna ynaiAMxcn b xnaccax, HTo6bi axoHOMMnecxan 
papMOHanbHOCTb comacoBancn c Tpe6oBaHMeM ocBoeHMn yne6Hbix MaTepManoB. Ecom x n -hmcoo ynaLAnxcn b 
roAy n, to neM 6onbiiiMe x n sto axoHOMnnecxn BbiroAHO, OAHaxo, oho HeBbiroAHO Ann ocBoeHMn yne6Hbix 
MaiepManoB. ripn onpeAsneHHbix npeAno>xeHnnx Ann BenMHMH 

x n+ i = Ax n ( K - x n _ x ), n = 0,1,2. (4) 

tas A, K, t nono>xMTenbHbie HMcna, xorapbie nBnniOTcn napaMeipaMM moasom. napaMeip A Bbipa>xaeT TeMn pocia 
ynaiAMxcn, K- BepxHnn rpaHb nncna ynaiAMxcn b rpynne, r - ono3A3Hnn b cfrapMnpoBaHnn rpynnbi, OHa npMHMMaeT 
penoHMcneHHbie 3HaneHnn. Mcxoah m3 wxonbHon npaxTMxe o ponM Bcex napaMeipoB moasom (4) b 
cfiopMMpoBaHMM yne6Hbix rpynn, oqeHMBaiOTcn BepomHOCTM AOCTM>xeHMn pa3HbiMM napaMeipaMM cbomx 
HaMnyHLUMX 3HaneHMM. Taxyio oqeHxy Ann Ha3B3HH0M BeponTHOCTM MoryT ASTb axcnepibi no opraHM3apMM 
yne6Hbix rpynn b nixonax. flnn stom penM MO>xeT 6bHb Mcnonb30BaH Tax>xe M3no>xeHHbiM Bbime CTaTMCTMnecxMM 
MeTOA McnbuaHMM. nydb LuxonbHbiMM axcnepiaMM Ann napaMeipoB moasom A, K, r yxa3aHbi cneAyiOLAMe 
BeponTHOCTM AOCTM>xeHMn napaMeipoB P A = 0,9, P k = 0,4, P T =0,05, cooTBeTCTBeHHO. TorAa Ann 
MHc|)opMaTMBHOCTM no HleHHOHy yxa3aHHbix napaMeipoB moasom (8) nonynMM 

W(A)= —0,9log0,9 
W(K)= —0,4log0,4 
W(r)= -0,05(0^0,05 
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EcTecTBeHHO hto, W{ x) « W{K) < WQC). HecnynanHO, hto bo mhotmx cnynanx napaMeip r b MOAenn (4) 

CHmaeTCH HenHcfiopMaTMBHOM, HacTO oho 6epeTca Hoob n BMedo (8) aHajiM3npyeica coeAytomaa MOflenb 


x n+ 1 — Ax n ( K — x n ), n = 0,1,2 .... 


( 5 ) 


npn 3tom M3yHaeTca BOMHHHe napaMeipoB A n K, Ha cfiopMnpoBaHne yne6Hbix rpynn. OneBMAHO, hto b stom 
cnynae napaMeip >1 Bnnnei Ha cf)opMnpoBaHne yne6Hbix rpynn cnnbHee neM napaMeip K. McxmoneHne napaMeipa 
r, ynpoiAaei 3aAany, AaeT B03M0>KH0CTb npoBOAMTb 6onee rny6oxnn aHann3 n CAenaTb maBHbie BbiBOAbi. 
CyLASCTBeHHan ponb napaMeipa >l>0 noATBepxrAaeicn nncneHHbiMM pacneiaMM no MOAennM (4),(5). 
ripMBeAeHHbie npnMepbi noATBep>xAaK>T Ba>KHOCTb onpeAeneHnn napaMeipoB MOAenn b opeHxe mx 
nHc|)opMaTMBHOCTM. flencTBMienbHO, npeAnonowMM, hto MOAenb M3yHaeMoro HBneHnn onncbiBaeica onepaiopHbiM 
ypaBHeHweM. 


A(v,u)=f 


( 6 ) 


rAe u- HBnnncb sneMemoM npocipaHCTBa U onncbiBaei cocTOHHne n3ynaeMoro npopecca, v=(vi,V2,...,v m ) - m- 
MepHbiM BeKTop napaMeipoB MOAenn npnH3Ane>xMT MHO>xecTBy V npocipaHCTBa H, f -3aAaHHbin aneMem 
npocipaHCTBa F, A-oneparap npn k3>kaom Bbi6paHHOM v=(vi,V 2 ,...,v m ) AenciByei m 3 npocipaHCTBa U b 
npodpaHCTBO F . 

Hama 3aAana 3axmoHaeiCH b opeHxe MHcfcopMamBHOcm aneMeHia v c era xoMnoHeHTaMn vi,V 2 ,...,v m 
OnpeAeneHMe KOMnoHeHTOB v=(vi,V 2 ,...,Vk)eV - aBnaeTca 3aAanen MA6HTncf)Hxaunn (o6paiHon 3aAanen) aoh 
ypaBHeHHH (4). 1/13 Teopnn MA6HTncf)nxai4nn cneAyei, hto aoh onpeAeneHnn Hen3BecTHbix napaMeipoB MOAenn 
v=(vi,V 2 ,...,Vk)eVGH Heo6xoAMMO 3aAaBaTb AononHmenbHbie ycnoBnn. 3tm ycnoBnn AOoxHbi yAOBneiBopmb 
ycnoBHHM AOCTaTOHHOCTM AononHmenbHon MHcfcopMaunn aoh onpeAeneHMH Hen3BecTHbix napaMeipoB MOAenn 
[4,5]. 

riycTb b xanecTBe Taxnx AononHmenbHbix ycnoBnn npw k3>kaom cfinxcnpoBaHHOM v=(vi,V 2 ,...,Vk)eVGH Ha peweHnnx 
uell ypaBHeHHH (4) 3aAaHO cneAytomee oneparapHoe cooTHomeHHe [ ]: 


R(v,u) =g 


( 7 ) 


rAe geG -3aAaHHbin sneMeHT. Bo mhotmx npaxmHecxnx BawHbix 3aAanax oneparap A(v,u)=f aoh xax<Aoro 
cfiMKCMpoBaHHoro v=(vi,V2,...,v m ) m 3 o6nacTM AOCTynHbix napaMeipoB V MMeeT orpaHnneHHbin HenpepbiBHbiri 
o6paTHOM OTHOCMTenbHO u: 

u =A' 1 (v,u) (8) 


Ecnn nodaBMM sto BbipaxreHMe b (5), TorAa OKOHnaTenbHO nonynMM caeAyiOLAee oneparapHoe ypaBHeHMe aoh 
onpeAeneHMH napaMeipoB MOAenen 


B(v,f)=g 


O) 


BeKTop v=(vi,V 2 ,...,v m ) HBnneTcn BHyipeHHen xapaxiepncinxon npouecca(MOAenn), xoiopbin bxoamt b BbipaweHnn 
oneparapoB A(v,u) n B(v,0, ynaciByei b npeo6pa30BaHMM cnmanoB ueU m v e V b cnmanbi -oixnMXM feF n 
geG. Cnmanbi u m v cooTHomeHMHMn (5) n (8) npeo6pa3yiOTC5i b cnmanbi f m g, xorapbie Aanee n3Mepneicsi 
npM6opaMM. B peanbHbix ycnoBnnx BenMHMHbi M3MepniOTC5i npn6nn>xeHHO m cneAOBaienbHO ohm b MOAenM 
3aAatOTCH c HexoTopoPi TOHHOCTb. riycTb aneMeHTbi feF m geG npn6nn>xeHHO 3aAaHbi c Hexoiopon TOHHOCTbio. flnn 
onpeAeneHMH napaMeipoB moashm v=(vi,V2,...,v m ) nonynaeTca o6pamaH 3aAana TMna (7), xoiopan pemaeica 
MeiOAaMM perynnpM3apMM. 
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3AKJ1K5HEHME 

OTcyTCTBue eflMHoro noAxofla k onpeAeneHMio MHcfcopMaTMBHOCTM npn3HaKOB co3AaeT mhoto TpyqHOCTeM b 
uccneAOBaHMM stmx BonpocoB. flna AUHrBMCTMHecKnx, coAnajibHO-ncuxojiornHecKMX m APyrux TeKCTOB 3tot Bonpoc 
B HeKOTOpOM CTeneHM 06cy>KAeH. OAHaKO, MHCflOpMaTMBHOCTb HayMHO-TeXHMHeCKMX, SKOHOMMHeCKMX M 6J1M3KMX 
npn3HaKOB, MeHbine Bcero o6cy>KAeHbi, xoth Ha Tarae o6cy>KAeHMe MMeeica 6onbi±iasi Hy>KAa. riosTOMy b pa6oie 
paccMaipHBaaca Bonpoc 06 MHC^opMaiMBHOCTM napaMeipoB MaieMaTMHecKMX MOAeneti. MiweHHO b 
MaieMaTMHecKMM MOAennpoBaHnn 3aMeHaeica o6teAMHeHne pa3iiMHHbix HanpaBneHMM, Korapbie 
xapaKTepn3yiOTCH BeASHMeM b nccneAOBaHne pa3JiMHHbix napaMeipoB. OpeHKa MHcfiopMaTnBHOCTn rpynnbi 
napaMeipoB MOweT onpaBAaib npHMeHHMOCTb pa3Hbix noAxoAOB b MaTeMamnecKOM MOAennpoBaHnn M3ao>KeHHaa 
Bbiiue npopeAypa n MeTOAnxa M3yHeHna nHcf^opMamBHOCTn npn3HaKOB HBiiaeTca npnMepoM npnMeHeHna nx k 
MCCneAOBaHMK) MX A™ pa3H006pa3HblX HBneHMM COBpeMeHHOM npaKTMKM, 0C06eHH0, B Bonpocax 3K0H0MMKM M 
6jim3kmx o6nacTHX. 


JIMTEPATYPA 

1. BBeAeHMe b MHcfcopMainKy c nosnpnn MaieMaTMHecKoro MOAennpoBaHna. C6. ciaien noA peAaKpnn aKaA. 
A.A. CaMapcKoro. M. 1988, 170c. 

2. Tmxohob A.H., ApceHMH B. R MeTOAbi pemeHMa HexoppeKTHbix 3aAa<H. M. HayKa. 1979. 288 c. 

3. McKeHAepoB A.fl., Plry6oB HR, MycaeBa M. A. 1/lASHTMCjDMKaAMa KBaHTOBbix noieHAnanoB. Baxy, 2012, 
550 dp. 

4. Musayeva M. A. informatikamn tadrisinin miiasir problemlari Baki, 2018, 230 c. 

5. MycaeBa M.A. BapnapnoHHbie MeTOAbi onpeAeneHna KBaHTOBoro noieHpnaria. Baxy, 2018, 179 c. 


1-ci Beynalxalq Elmi-Praktik Konfrans: 

Miiasir Informasiya, Olgma va Idaraetma Sistemlari: Problemlar va Perspektivlar (MiOiS-2019) 



THE CAUCASUS 

ECONOMIC AND SOCIAL ANALYSIS JOURNAL OF SOUTHERN CAUCASUS 





ISSN: 2298-0946, E-ISSN: 1987-6114 


JULY 2019 VOLUME 32 ISSUE 05 



MOflEJIM HEPA3PyiilAK)LUEM flMArHOCTMKM KOHCTPYKL4MM 

llaiuaeB Apwcfi, McxeHAepoB Aca<£ 

HapMOHanbHafl AxaAeMMH ABnapnn A3ep6aPiA>KaHa, r. BaKy 
Email: ’infotSnaa.baku.az, 2 asaf.iskander@mail.ru 

ABSTRACT 

A generalized model of non-destructive diagnostics is developed and it is applied to thermal diagnostics of 
thermoelastic structures. The solvability of the general diagnostic problem is proved, sufficient conditions for the 
convergence of the algorithm for solving it are indicated. The solvability conditions on the data of this problem 
correspond to the specifics of non-destructive diagnostics, are new in the theory of unstable problems 
Keywords: mathematical model, variational method, non-destructive diagnostics, thermal diagnostics, inverse 
problems 

PE3IOME 

Pa3pa6oTaHa o6o6meHHan MOflenb Hepa3pyujaiomeM AnamocTMKn m OHa npmvieHeHa k TennoBoPi AMamocTMKe 
TepMoynpyrnx KOHCTpyKunPi. floKa3aHa pa3pemnMOCTb o6LAePi 3aAanM AMarHOCTMKM, yKa3aHbi AOCTaTOHHbie 
ycnoBun cxoammoctm anropuTMa ee pemeHnn. YcnoBMn pa3peiiiMMOc™ Ha ashhux otom 3aAann cooTBeTCTByroT 
cneunc^HKy HepaspywaiOLAePi AnamocTMKn, hbjihiotch hobhmm b TeopnM HeycTOMHMBbix 3aAan 
KoroneBbie cnoBa: MaTeMaTMnecKan MOAenb, BapMapMOHHbiPi MeTOA, Hepa3pyiiiatoman AMamocTMKa, TennoBan 
AMamocTMKa, o6paTHbie 3aAaHn 

BBEflEHME 

fli/iamocTMKa MaiepnajiOB HBoneTcn opeHKoPi mx c})M3MHecKoro coctohhmh. CpeAM MeTOAOB AMarHOCTMKM oco6oe 
Medo 3aHMMaeT HepaapywatOLAan AMamocTMKa, 6e3 BbiBOAa o6b.eKTa mom era nacTeM m3 pa6oHero pe>KMMa, 6e3 
M3b>oTMo npo6, HapymeHMo era CTpyxiypy m ueoocTHOCTM, raobKO Ha ocHOBe KOCBeHHbix Ha6oiOAeHMM m M3MepeHMM 
M3 BHe 06b>eKTa. 

Bonpocbi flMamocTMKM MMetOT flaBHtoto mctopmkj. OAHaxo, 3HaHMTeobHbiM nporpecc b otom HanpaBoeHMM 6bin 
CAeoaH bo BTopoPi noooBMHe npomooM craoeTMM. Pa3BMTMe TeopMM m mctoaob peiueHMo 6paTHbix m HexoppeKTHbix 
3aAan npM«oaAHoro m TeopeiMnecKoro 3HaneHMo [1-3] cociaBMOM ocHOBy pa3pa6oTKM npM6opoB m ycipoMCTB [4], 
MeraAOB peweHMH 3aAan Hepa3pywaiOLAeM AMarHOCTMKM MeAMUMHCKoro m npoMbiujoeHHoro Ha3HaneHMo [5-12]. 
06paTHbie 33AaHM OBOmOTCO OCHOBHbIMM MeTOAaMM Hepa3pyiiiatOLAeM C|)M3MHeCKOM AHarHOCTMKM M CfrapMMpyiOT 
HaynHoe MbimoeHMe o AMamocTMpyeMOM npopecce m KOHdpyKUMM [1 -6]. 

AHaoM3 onbiTa MHoroHMcneHHbix pa6oT no HepaapywatoiAePi AMarHOCTMKM b MeAMpMHe m npoMbiwneHHOCTM AaeT 
ocHOBaHMe o6o6iAMTb mx OTanoB peaoM3apMM m nonyneHHbix pe3yobTaTOB. OnMpaocb Ha otot aHaoM3 HM>xe 
o6o6iAeHa npaKTMKa Hepa3pywaiOLAePi AnamocTMKM m onncaHa o6o6LAeHHan MaTeMaiMnecKao MOAenb oraro 
npopecca b a6cipaKTHOM bmas. A6cTpaKTHan MOAeob AaeT B03M0>KH0CTb M3oo>KMTb 3aAany b 6ooee o6meM bmas. 
06LAHOCTb MOAenM He MCKotonaeT B03M0>KH0CTb npMMeHeHMo ee k KOHKpeTHbiM peaobHbiM npopeccaM. 
llpeAooxeHHao MOAeob npMMeHeHa k TennoBoPi AnamocTMKe TepMynpyrnx KOHCTpyKUMM. TennoBan AMamocTMKa 
aKTyanbHO Ann coBpeMeHHOM npaKTMKM, OHa cpaBHMTeobHO Maoo npMMeHeHa [9-12]. 

2. MaTeMaTMHecKao MOAenb Hepa3pymaK)U4ePi AMarHOCTMKM 

IlycTb H TMOb6epraBO npocTpaHCTBa c hopmoPi ||.|| H , a U, F m G obooiotco 6aHaxoBO npocTpaHCTBa c HopMaMM 
II. || U, ||. || F, || . || G, COOTBeTCTBeHHO. 13peAnOOO>KMM, HTO V OBOOeTCO OOeMeHTOM TMOb6epTOBO npocTpaHCTBa H, 
ecTb Ha6opoM Tex c})M3MHecKMx xapaKTepMCTMK MaTepnana o6i>eKTa, xorapbie Ann npeAnonaraeMoPi AnamocTMKM 
0AH03H3HH0 onpeAenniOT ee c|)M3MHecKoe cocTOHHMe. TaxoPi oneMeHT npocTpaHCTBa H H330BeM napaMeTpoM 
AMarHOCTMKM. 

B npopecce AnamocTMKM o6b.eKTa, oco6eHHO, b Hepa3pymaioiAePi AMarHOCTMKM Ha ocHOBe nepBMHHbix Ha6moAeHMPi 
m aHanM3a, BbinBoniOTcn coctohhmh HaM6onee wenaTenbHbie Ann era HopManbHoro cfcyHKAMOHMpoBaHMn. B 
xa>KAoPi AnamocTMKM, o6bNHO, onpeAenneran OTanoH, xax HaM6onee wenaeiwoe Ann HopManbHoro 
cfiyHKUMOHMpoBaHMn pa6oHero coctohhmh ashhoPi xaTeropMM o6beKTOB. B npopecce AMarHOCTMKM, cfiM3MHecKoe 
cocTOHHMe o6b>eKTa cpaBHMBaeTcn c npMHHTOM OTanoHOM, oueHMBaeTcn OTKnoHeHMe ot Hero m onpeAenmoTcn 
cyiAecTBytoiAMe b HeM AecfieKTbi. IlycTb oneMeHT voeH ecTb napaMeTp AMarHOCTMKM OTanoHa. 

Mmcoo d(v)=||v-voll 2 H Bbipax<aeT OTKnoHeHMe coctohhmh veH o6beKTa ot coctohhmh OTanoHa voeH. Ecom 
pacnono>KMTb Bee 3HaneHMn HMcna d(v)>0 b nocneAOBaTenbHOCTM mx B03pacTaHMn, to c poctom oraro HMcna 
cocTOHHMe o6i>eKTa eiAe 6onbine OTKnoHoeTcn ot OTanoHa m B03M0>KHbie era Ae(t> eK ™ ycyry6nmoTcn. flnn 

1st International Scientific-Practical Conference: 

Modern Information, Measurement and Control Systems: Problems and Perspectives (MIMCS 2019) 



THE CfiUCfiSUS 

ECONOMIC AM) SOCIAL ANALYSIS JOURNAL OF SOUTHERN CAUCASUS 





ISSN: 2298-0946, E-ISSN: 1987-6114 


ft*SOUTHERN CAUCASUS SCIENTIFIC JOURNALS 

THE CAUCASUS 

ECONOMIC ANO SOCIAL ANALYSIS JOURNAL OF SOUTHERN CAUCASUS 


JULY 2019 VOLUME 32 ISSUE 05 


aianoHa d(vo)=0. IlycTb V r ={v: vgH, 0<||v-vo|| 2 H ^r 2 <°°} map c pafluycoM r>0 b npodpaHCTBe H, Tai<oe, hto oh 
coflep>KMT BceB03M0>KHbie napaiweipbi AnamocTMKM o6teKTa. Ohcbmaho, hto V r aBnaeraa 3aMKHyTOM 
OrpaHMHeHHbIM M BbinyiOlblM MHOWeCTBOM B npOCTpaHCTBe H M Vo npHHaAne>KHT 3T0My MHO>KeCTBy. 
ripeAnojio>KHM, hto AnamocTMKa o6teKTa npoM3BOAMraa noA B03ASMCTBneM npopecca onncbiBaeMon 

ceMeficTBOM oneparapoB A(v,u), Korapbie Ana Ka>KAoro cfiMKcnpoBaHHoro veV r cH, AewcTByiOT m 3 6aHaxoBO 
npocTpaHCTBa U, b 6aHaxoBO npocTpaHCTBO F, to ecTb 

(1) A(v, u)=f , ueU, feF 

rAe ueU aoh xa>KAoro cfcMKcnpoBaHHoro veVr aBnaeraa pemeHHeM ypaBHeHna (1), f- 3aAaHHbin sneMeHT 
npocTpaHCTBa F. ripn AnamocTMKa o6teKTa sneMeHT veV r cH aBnaeraa Hen3BecTHOM. flna onpeAeneHMa sraro 
Hen3BecTHoro soeMeHTa HapaAy c peweHneM ypaBHeHna (1) u e U Heo6xoAMMO npncoeAMHHTb k ypaBHeHmo (1) 
AonojiHMTeobHbie ycnoBna. riycTb npn cfoMKCHpoBaHHOM feF n nioBoro veV r Ha peweHnax ueU ypaBHeHna (1) 
AonooHHTeobHO 3aAaHO ycnoBne 

(2) R (v, u)=g, u e U, geG, 

rAe g- 3aAaHHbiH sneMeHT 6aHaxoBO npocTpaHCTBa G n oneparap R(v,u) Ana xa>KAoro c^HKcnpoBaHHoro aneMeHTa 
veVrcH, no nepeMeHHOM u AencTByeT m3 6aHaxoBO npocTpaHCTBa U, b 6aHaxoBO npocTpaHCTBO G. 

OnepaTopHbie ypaBHeHna (1), (2) aBnaroraa ochobhumh cooTHomeHnaMH Ana onpeAeneHMa aneiweHTOB ueU n ve 
VrcH. Bo MHornx npaxTHnecKH Ba>KHbix cnynaax oneparap R(v,u) He HMeiOT o6paTHoro, a oneparap A(v, u) Ana 
Ka>KAoro v e V r OTHOCHrenbHO u eU o6biHHO HMeeT HenpepbiBHbin n orpaHHHeHHbin o6paTHbin. B pa6oTax [2, 6] 
h AP- paccMOTpeHa a6cTpaKTHaa o6paTHaa 3aAana Tuna (1), (2) n H3yneHbi Bonpocbi ee KoppeKTHOCTH, AOKa3aHbi 
TeopeMbi eAMHCTBeHHOCTM peweHna, a Taioxe AaHbi npnMeHeHna pe3ynbTaTOB k 3aAanaM HHTerpanbHon 
reoMeTpnn. Hn>Ke npeAnono>KHM, hto 3aAana (1),(2) pa3pemnMa eAMHCTBeHHOM o6pa30M. 

ripeAnono>KHM, hto oneparap A(v,u) Ana xa>KAoro ve V r HMeeT orpaHHHeHHbin HenpepbiBHbin o6paTHbin u=A _1 (v,f). 
Ecnn noACTaBMTb sto BbipaxreHne b cooTHomeHnn (2), to npn M3BecTHbix f n g, OTHoenrenbHO veV r nonynviM 
cneAyioiAee oneparapHoe ypaBHeHMe 

(3) R(v, A' 1 (v,f))=g. 

3anm±ieM sto oneparapHoe ypaBHeHMe 1-ro poAa OTHOCMrenbHO vg V r b bmas 

(4) B(v,f) =g, 

rAe neBaa nacTb b (3) o6o3HaneH nepe3 oneparap B(v,f), xorapaa Ana xa>KAoro feF AencTByeT m 3 rnnb6epraBO 
npocTpaHCTBa H, b 6aHaxoBO npocTpaHCTBa G. MHorne 3aAanM AnamocTHKH, b tom nncne 3aAanM KOMnbtorepHOM 
AMamocTMKM, Y31/1 m aP- npeACTaBMMbi b bmas (4) (cm. [1,2,5-7, 10-12]). B stmx pa6oTax pa3BMTbi MeraAbi peweHna 
ypaBHeHMM TMna (4). HM>xe M3ynMM ypaBHeHMe (4) npM ycnoBnax 6onee ecrecTBeHHbix Ana BonpocoB AnamocTMKM. 
riycTb Tpe6yeraa MMHMMM3MpoBaTb HeBa3«y 

(5) lo(v)= || B(v,f) - g || g 2 — inf, 

Ha MHOwecTBe V r =[v: vgH, 0<||v-voll 2 H^r 2 <°°}. TaKMM o6pa30M, BMecra 3aAanM (4) MMeeM 3aAany o mmhmmm33amm 
cfiyHKAMOHana lo(v) npM orpaHMneHMM ||v-voII 2 h ^ r 2 . GTa 3aAana aBnaeraa BapnapnoHHOn 3aAaneM Ha ycnoBHbin 
3KCTpeMyM. OHa MeraAOM MHOwnrenen flarpaHxo cboamtch k peweHHio cneAyioiAsn 3aAanM o MMHMMyMe 
cfiyHKAMOHana l a (v): 

(6) l a (v)= || B(v,f) -g ||g 2 + a||v-vol| H 2 >inf, veH, 

rAe napaMeTp a>0, onpeAenaeraa m ycnoBna ||v-vo|| 2 H =r 2 . B pa6oTax [1-3,5-8,13] AP- o6cy>KAeHbi Bonpocbi 
Bbi6opa napaMeTpa a>0 Ana peweHna ypaBHeHMM 1-ro poAa Ha ocHOBe pa3nMHHbix TMnoB anpnopHon m 
anocrepMopHOM AononHMrenbHOM MHcfiopMaAMM. 

B npaKTMxe MCxoAHbie AaaHbie 3aAaiOTca c norpewHOCTbio. He raabKO aneMeHTbi feF m geG, a Taioxe oneparap 
B(v,f) 3aAaeTca HeranHO. HeranHOCTb 3aAaHMa sneMeHTa f BnnaeT Ha norpeiuHOCTb oneparapa B(v,f). 
ripeAnono>KMM, hto aneMeHTbi feF, geG m oneparap B(v,f) 3aAaHbi npM6nM>xeHHO xax sneMeHTbi fs eF, gseG m xax 
oneparap Bh(v,f), c norpemHOCTHMn 5>0 m h>0, cooTBeTCTBeHHO. CneAya [1-3,7,13 ] npeAnono>KMM, hto npM 
3 tom BbinonHaeraa caeAyKJLuee HepaBeHCTBO 

(7) || B h (v, f s ) - B(v, f) || 2 g < 5[1 + h|| v-vo|| 2 h ]. 


1-ci Beynalxalq Elmi-Praktik Konfrans: 

Muasir Informasiya, Olgme ve Idareetme Sistemleri: Problemler ve Perspektivler (MiOiS-2019) 



THE CAUCASUS 

ECONOMIC AND SOCIAL ANALYSIS JOURNAL OF SOIIIIHKN CAUCASUS 





ISSN: 2298-0946, E-ISSN: 1987-6114 


JULY 2019 VOLUME 32 ISSUE 05 



HeipyAHO npoBepmb, hto npn6nn>xeHHn b 3ap,anm hcxoahux ashhux ynnibiBaeraa HepaBeHCTBOM (7) ( cm. 
[7,13]). B pe3yabTaTe Ana onpeAeneHna napaMeipa AnamocTnxn b cnynae 3aAann c HeranHO 3aAaHHbiMn 
aneMeHTaMM fs eF, gs^G n oneparapoM Bh (v,fs) BMecio 3aAann (6) nonynnM cneAyxriAyx) BapnaunoHHyx) 
3aAany 

(8) Ja (v)= || Bh(v,f6)) -gs ||g 2 + a ||v-voll 2 H->inf, ve H , 

rAe Hen3BecTHbiM napaMeip a>0, onpeAenneraa m ycnoBna ( cm. [1,3,7,13]): 

|| B h (v, f 5 )-g 5 || 2 G<5[1+h|| v-v 0 || 2 h], 

PeiueHne BapnapnoHHon 3aAann (8) o6o3HannM nepe3 v a (s,h). npaxmxa peweHna sxcipeManbHbix 3aAan mna (8) c 
Bbi6opoM Hen3BecTHoro napaMeipa a>0 noKa3biBaei, hto (cm. [1-3,7,13] n ap ) Han6onee yAo6Hon cfropMon TaKoro 
Bbi6opa aBnaeraa BbinonHeHne nocneAHero HepaBeHCTBa b bhas cneAyxriAero paBeHCTBa: 

(9) II Bh(v a (5,h), fs) - gs || 2 G = 5(1+ hll Va(S,h) -VoII 2 h) 

B more, MaieMainnecxan MOAenb Anamocinxn o6texTa npeACTaBnaeraa b bhao axcipeManbHon 3aAann (8) c 
onpeAeneHneM Hen3BecTHoro nncnoBoro napaMeipa a>0 n3 ycnoBna (9). HeaBHan HennHenHOCTb oneparapoB 
B(v,f)) n Bh(v, fs), a Tax>xe HeycrananBOCTb peiuaeMbix c humm 3aAan aBnararaa ocHOBHbiMn TpyAHOdaMn npn nx 
nccneAOBaHnn. B pa6oiax [1,3, 5-7, 9,13] n AP- yKa3aHbi pa3nnnHbie AOCiaioHHbie ycnoBna 0AH03HanH0n 
pa3peiiinMOCTn 3aAan Taxoro Tuna, npnMeHeHbi ycTonnnBbie MeTOAbi nx peweHna. npn gtom Han6onee 
wecTKMM ycnoBneM b cnynae HennHenHOCTn oneparapoB B(v,u) n Bh(v,fs), aBnaeica Tpe6oBaHne Bbiny«nocTn 
cfiyHKAnoHanoB HeBH3xn. Hn>Ke AOxa>xeM TeopeMbi 06 0AH03HanH0n pa3peiiinMOCTn ocHOBHon 3aAann 
AnamocTMKn 6e3 npeAnono>xeHnn BbinyKnocTn cfcyHXunoHana HeBa3Kn. YcnoBne BbinyKnocm cfcyHXunoHana 
HeBa3xn aBnaeica AOCTaTOHHO cnnbHbiM ycnoBneM. KpoMe Toro, era HeB03M0>KH0 npoBepmb b cnynae HeaBHon 
HennHenHOCTn ochobhoto oneparapa, xax b 3aAane AnamocTnxn. 

nepenncrinM npnHaTbie HaM ocHOBHbie npeflnono>KeHna: 

1) MHO>xecTBO V r ={v:veH, 0<||v-vo|| 2 H^r 2 <°°} 3aAaHO tohho, oho Henycrae orpaHnneHHoe MHO>xecTBO b 
rnnb6epTOBOM npocipaHCTBe H; 

2) Oneparap A(v,u) Ana xa>XAoro cfinxcnpoBaHHoro veV r n Ana nro6oro feF MMeeT HenpepbiBHbin orpaHnneHHbin 
o6paTHbin u=A _1 (v,f); 

3) Oneparap B(v,f ) aBnaeica HenpepbiBHbiM no nepeMeHHon ve V r Ana xax<Aoro 3aAaHHoro feF n peiueHne 
3aAann (5) Ha MHOwecTBe ve V r cH eAMHCTBeHHo; 

4) OneMeHTbi feF, geG n oneparap B(v,f) 3aAaHbi npn6nn>xeHHO xax eneMembi fs eF, gs eG, xax oneparap 

Bh(v,fs), cooTBeTCTBeHHO, c TOHHOCTbK) 5>0 n h>0, BbinonHaeraa ycnoBnxr (7); 

5) Oneparap Bh(v,fs) npn iik)6om 33AaHHOM nncne h >0 n Ana xa>XAon 3aAaHHon fseF aBnaeraa HenpepbiBHbiM 
oneparapoM no v e V r ; 

6) B 3aAane (8) napaMeip a= a(5,h) >0 Bbi6npaeraa H3 cooTHomeHna (9). 

TeopeMa 1. flycTb BbinonHeHbi ycnoBna 1) - 6). TorAa b npocipaHCTBe H cyiAecTByei Taxoe BCiOAy nnomoe 
MHO>xecTBO KcH, hto Ana nio6oro voE KcH n nio6oro nono>KnTenbHoro a>0 Bbi6paHHoro Ha ocHOBe ycnoBna (9), 
excTpeMaobHaa 3aAana (8) nMeeT eAHHCTBeHHoe peiueHne. 

TeopeMa 2. IlycTb BbinonHeHbi ycnoBna 1)-6). TorAa peiueHne 3aAann (8) Ana Bbi6paHHoro Ha ocHOBe ycnoBna (9) 
napaMeipoM a= a(5,h) >0, cxoahtch no cfiyHXAnoHany k peiueHnio 3aAann (5) npn 5^0 n h—>0 n npn stom v* a (5,h) —> 
v* cna6o b H. 

TennoBaa AHarHOCTnxa TepMoynpyrnx KOHCTpyKpnn 

TennoBaa Anamocraxa xoHCTpyxpnn oco6eHHO axiyanbHa Ana MaiunHOCTpoeHna, aBna-KOCMOca, SHepremxn n 
AP- o6nadax npaxmxn. PaccMOTpnM 3aAany, xorAa xoHCTpyxpna noABepraeraa npopeccy HarpeBa n oxna>KAeHna, 
a Tax>xe MexaHnnecKnM B03AsncTBnaM. TIoa BnnaHneM rennoBoro B03AencTBna xoHCTpyxpna Ae<t>°P M|,1 Py eTC fl> 
reMnepaTypHoe none co3AaeT CMeiueHna n npn AecfrapMaunn era sneMembi HarpeBaioraa. riycTb xoHCTpyxpna 
33HnMaeT o6nacTb D c xyconHO-rnaAxon rpaHnpen T n x=(xi,X2,X3) - npon3BonbHaa ranxa 3-x MepHon o6nacin D, 
t>0-BpeMeHHoe nepeMeHHoe, tn-BpeMa Ha6nx5AeHna, S=rx[0,t n ) rpaHnpa o6nac™ 12=Dx(0,t n ), T=T(x,t) n 
u=u(x,t)=(ui(x,t), U 2 (x,t), U 3 (x,t)), reMnepaiypa n Bexrap CMemeHnn b ranxe x b MOMem BpeMeHn t, 
cooTBeTCTBeHHO. IlycTb HeoAHopoAHbin n30TponHbin repMoynpyrnn npopecc onncbiBaeica cneAyiomen 
cncreMon ypaBHeHnn [8-16] 

( 10 ) p d ^ = Y^ = ^^E^) + -^— ) grad[Edivu]-' 2 ^^ ) grad[yET]+f. l {x,t), 

(11) C p ^ = div(PgradT) —-^(jidivu) + f Q (x,t), 
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rfl6 E-MOflynb yapyrocia, |3— Koacf)cf}m4MeHT TeaaoapoBOAHOCTa, p-aaoTHOCTb Maiepaana xoHCTpyxpaa, v- 
nodoaHHoe IlyaccoHa, C - KoacfDcfDmjneHT TeaaoeMxocia, rj -Koactn^MpneHT TeaaoBoro actocfoexTa ot AectoopMaqaa, 
Y - Koa<t>43ML(MeHT naHeaHoro TenaoBoro pacwapeHaa, fi=fi(x,t) -Be«Top aaoTHOCTa o6teMHbix caa, fo=fo(x,t)- 
aaoTHOCTb TeaaoBbix mctohhmkob riydb k cacieMe (10), (11) apacoeflaHeHbi HanaabHbie a rpaHaHHbie ycaoBaa 

(12) u(x, 0)=<pi(x), ut(x, 0)=q>2(x), T(x, 0)=(po(x), xe D 

(13) D' J=1 <3i,j (x, t,ii)n ; -=bi(x,t)T(x,t)ai+gi(x,t), i=1,2,3; (x,t)eS, 

(14) I?=i0(*)f^(*. t)n t = go(x ,t), (*,t)eS, 

rfle m = cos(xi n) - KOMaoHeHTbi BHeiuHea HopMaaa k rpaHape V, <pi(x), <p 2 (x), - 3aAaHHbie Bexrap - ctoyHxpaa, 
bi(x,t), gs(x,t), i = 1,2, g 0 (x,t), cpo(x) -3aAaHHbie cjDyHxpaa, a lJ (x,t,u)=2E[(^-^)+^divuS l j-'^^-YTSij]- 

TeH3op HaapaweHaa. Ilpa Anamociaxa TepMoyapyrax xoHdpyxpaa b xanecTB aapaMeipa AnamocTaxa 
Bbi6peiOTca era cfoasanecxae xapaxiepaciaxa, xax E-MOAyab yapyrocia , /?- xoac^c^apaeaT TeaaoapoBOAHOda , a 
Tax>xe APyrae xapaxiepaciaxa. Bo Bcex cnyHaax pemaiOTca cooTBeTCTByioiAae o6paTHbie 3aAana 06 
oapeAeaeHaa Bbi6paHHoro aapaMeipa Anamociaxa. B [9-11] a AP- pa6oiax a3yneHbi Hexorapbie BapaaHTbi 
o6paTHbix 3aAaa Ana cacieM ypaBHeHaa TepMoyapyiocia. riydb b xanecTBe cociaBaaxjLAax xoMaoHemoB 
aapaMeipa Anamociaxa Bbi6paHbi MOAyab yapyrocia -E(x) a xoacfictiaAaeHT TeaaoapoBOAHOda- /?(x): to ecTb v= 
v(x) = (E(x) ,/?(x)). Bo MHorax caynaax apaxTaxa AOBoabCTByiOTca Bbi6opoM OAHoa a3 43a3anecxax xapaxiepacTax 
Maiepaana. llpeAnoaoxraM hto Ana oapeAeaeHaa aapaMeipa Anamociaxa, x cacieMe (10)-(14) apacoeAaHeHbi 
caeAytOLpae AoaoaHaieabHbie ycaoBaa 

(15) u(x,t)=wi(x,t), T(x,t)=wo(x,t), (x,t)eS, 

rAe wi(x,t)=(wn(x,t),wi2(x,t),wi3(x,t)), wo(x,t)-3aAaHHbie xBaApaianHO cyMMapyeMbie cfiyaxpaa. 

Ha>xe acaoab30BaHbi o6iAea3BecTHbie ctoyHxqaoHaabHbie apodpaHCTBa, xorapbie BBeAeHbi, HaapaMep, b pa6oie 

[16], floaojiHaieabHO x ycaoBaaM 1)-6) apeAaoao>xaM, hto: 

7) KoacfictiaAaeHTbi ypaBHeHaa (10), (11) 3aBacaT nawb ot npocipaHCTBeHHbix nepeMeHHbix a HBaaxKca 
orpaHaneHHbiMa a3MepaMbiMa ctoyHxpaaMa b o6aacia D; 

8) MoAyab ynpyrocia -E(x) a xoacfictiaAaeHT TenaonpoBOAHOCTa- /?(x) b cacieMe (10)-(14) cociaBaaiOT 
xoMaoHeHTOB aapaMeipa Anamociaxa: v=v(x)=(E(x) ,/?(x)); 

9) . OyHxpaa f=f(x,t), fo=fo(x,t) HBaaxuca XBaApaiaHHO cyMMapyeMbiMa cfcyHXAaaMa b o6aacia {2 a (p^xJeW^ (D), 
j=0,1,2, gi(x,t)eW ,/2 ' 1/2 2 (S), i=1,2,3, go(x,t) eW 1/2 ' 1/4 2 (S). 

B pa 6 oiax [5-15] a AP- n3yneHbi 3aAana 06 oapeAeaeHaa Hea3BecTHbix xoactocfcaAaeHTOB Ana pa3Hbix caynaeB 
cacieMbi (10),(11). B pa3aanHbix xaaccax peiueHaa a acxoAHbix AaHHbix AOxa3aHbi TeopeMbi eAaHCTBeHHOda, a 
Tax>xe b paAe caynaeB aoayneHbi aBHbie BbipaxreHaa Ana OTbicxaBaeMbix <£a3aHecxax xapaxiepacTax. Ilpa 3 tom 
Hea3BecTHbie xo34}<t>apaeHTbi ypaBHeHaa aiAyica b xaaccax orpaHaneHHbix a3MepaMbix ctoyHxpaa, a peiueHaa 
ypaBHeHaa (10), (11), aiqyica b xaaccax u(x,t) e Wp 1 ’ 1 (fi) a T(x,t)e Wp 1 ’ 172 (fi), p>1. M3 pe3yabTaTOB pa6oibi [16] 
a AP- npa aepeHacneHHbix Bbiiue ycnoBaax a xaaccax peiueHaa, cneAyeT OAH03HanHaa pa3peiuaMOCTb HanaabHO- 
xpaeBoa 3aAana (10)-(15) a Tax>xe Hy>xHbie aapaopHbie opeHxa. 

ComacHO a3no>xeHHOMy b apeAbiAymeM ayHXTe MeTOAaxe Hepa3pywaioiAea Anamociaxa TepMoyapyrax 
xoHCTpyxpaa, xorapaa oaacbiBaeica cacieMoa (10)-(15) Heo6xoAaMO MaHaMa3apoBaTb ctoyHxpaoHaa 

(16) Ja(v)= ||u - w is ||^ (j) + I|r - w 0(5 || 2 t2(s) +a|| v-vo|| 2 i2 (D) 

Ha Vr={v:veL2(D),0<||v-voll 2 z , 2 (D)^r 2 < o °}, rAe Hea3BeciHbia napaMeip a>0 oapeAeaaeica a3 ycaoBaa 

(17) ||u ~ Wl5 C ( <o + ll r - w o5llI 2 (S) =5[1+5|| v-voll 2 t2 (D)], 

rAe w lg ,wo5- 3aAaHHbie Ha noBepxHOCTa S XBaApaianHO cyMMapyeMbie ctoyHxpaa, nacao 5>0- aorpeiuHOCTb 
acxoAHbix AaHHbix wi, wo. Pewaa 3aAany (16) apa ycaoBaax (10)-(15), HaxoAaica v a (5)=v a (B)(x)=(E a (B)(x), /?a(5>(x)), a 
Tax>xe Ua(B)=Ua(6)(x,t) a Ta(6)=Ta(6)(x,t). M3 TeopeM 1 a 2 HeaocpeACTBeHHO cneAyeT 

TeopeMa 3. riydb BbiaoaHeHbi ycaoBaa 1) - 9) apaMeHaieabHO x cacieMe (10)-(16). TorAa cyiAecTByei Taxoe 
BCiOAy aaoTHoe MHO>xecTBO K apocipaHCTBa L 2 (D), hto Ana nio6oro vo(x)e«cL 2 (D) 3aAana (16) c ycaoBaeM 
Bbi6opa aapaMeipa a>0 a3 cooTHOLueHaa (17), aMeeT eAaHCTBeHHoe peiueHae, sto peiueHae apa 5^0 cxoAaica 

1-ci Beyaelxalq Elmi-Praktik Konfrans: 
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no cfiyHKLinoHany n cna6o no aneivieHTHOM k TOHHOMy peweHMK) 3aflann AnamocTMKM TepMoynpyrnMn 
KOHCTpyKpnnMn (10)-(15). 

3AKJ1IOHEHME 

ripaKTMHecKan AnamocTMxa b npoMbiwneHHOCTM mom MeflupuHe npoBOAMTcn MHoroHMcneHHbiMM npn6opaMn m 
MHCTpyMeHTaMM, Ka>KflbiM M3 KOTopbix AaeT MHcfDopMapMK) o cfiM3MHecKOM coctohhmm o6teKTa. MeM 06 wnpHa 
nonyneHHan MHcfcopMapMH, TeM cno>KHee annapaiypa m Meioflbi AnamocTMKM. Bonee MHcfcopMaTMBHbie MeiOAbi 
AMamocTMKM Tpe6yiOT 6onee my6oi<oro pa3BMTMn era TeopMM m npaxTMKM. 

CoBpeMeHHbie 3aAanM AnamocTMKM, oco6eHHO, Hepa3pywaK)LAeM AnamocTMKM, hbohiotch HenMHeMHbiMM, 
HeycTOMHMBbiMM m nnoxo o6ycnoBneHHbiMM 3aAanaMM c 6onbLUMMM BbiHMcnMTenbHbiMM o6teMaMM. Bee ara 
3aTpyAHneT mx peweHMe. ripeAnono>KeHMe BbinyKnociM cfcyHKpnoHana HeBH3KM, Korapoe nacTO AenaeTcn b 
noAo6Hbix 3aAanax, He xapaxTepHO Ann 3aAan AnamocTMKM. rioaioMy BMecio araro ycnoBnn b ashhom pa6oie 
npeAnonaraeica npMHaAnexmocTb napaMeipa AnamocTMKM aiaaoHa HeKOTopoMy BCtOAy nnoTHOMy MHOwecTBy. 
3 to ycnoBne 6onee eciecTBeHHO Ann 3aAan AnamocTMKM m nyHwe comacyeicn c npopeccoM M3MepeHMn 
AaHHbix. floKa3aHHbie Bbime TeopeMbi yKa3biBaeT Ha Ba>KHOCTb npaBMnbHoro Bbi6opa aianoHa He TonbKO Ann 
KoppeKTHOCTM 3aAaHM AnamocTMKM, ho m Ann peanM3apMM anropMTMOB penieHMn. ripMMepbi aHanorMHHbie TOMy, 
KOTopbie npMBeAeHbi b [14,15] noKa3biBaiOT, hto npn a=0, to ecTb npn aHHynMpoBaHMe BnMHHMn aTanoHa, peiueHMe 
33AaHM AnamocTMKM HeeAMHCTBeHHoe n HeycTOMHMBO. 

CoBpeMeHHbie 3aAanM AnamocTMKM HeMbicnMMbi 6e3 npMMeHeHMn MHcfiopMaAMOHHOM TexHonorMM m BM3yanM3apMM 
pe3ynbTaTOB. IlporpaMMHbie naKeTbi TMna MATLAB, ANSYS m AP- npMcnoco6neHbi Ann stom qenM, ohm 
npeAnaraKDT bo3mo>khoctm o6pa6oTKM pe3ynbTaraB, BM3yanM3apMM TennoBM3MOHHbix ashhux m APyrMe. 
1/lTepaTMBHbie MeTOAbi peiueHMn HeycTOMHMBbix 3aAan, KOTopbie noApo6HO M3no>xeHbi m ycnewHO npMMeHeHbi b 
[ 1,7,13], HBnniOTcn oahmm m 3 yHMBepcanbHbix anropMTMOB peweHMH npMKnaAHbix HeycTOMHMBbix 3aAan, ohm b 
KOM6 MHapMM c Ha3BaHHbiMM naKeTaMM ycneujHO MoryT npMMeHHTcn TaioKe k peweHMio 3aAan AnamocTMKM. 
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ABSTRACT 

Examples of cryptocurrency and inter-peer (peer-to-peer) systems are examples of registration systems stored in the 
blockchain structure. These systems are architecturally based on interconnected computers. These types of systems 
do not only provide a currency; various decentralized, distributed systems/softwires can be designed on these 
infrastructures. The studies of using blockchain structure in cyber security issues like protecting the Internet of Things 
(loT), smart cities, computer networks and the privacy of the personal data is covered. Ideas for the use of such 
solutions in the network security are addressed. 

Keywords: Cyber Security, information Security, Blockchain, Cryptocurrency 

PE3K5ME 

npmviepbi cudeM KpnnTOBamoTbi v\ OAHopaHroBbix (peer-to-peer) cucieM HBJimoTCH npmviepaMi/i cncieM 
pemcTpapnn, xpaHamnxca b cipyicrype baoKHeriHa. 3™ cncTeMbi apxmeKTypHO ocHOBaHbi Ha B3amviocBH3aHHbix 
KOMnbtoiepax. 3th ™nbi cudeM He ToabKO npeAOCTaBnmoT Bamoiy; pa3nnHHbie AeqeHTpann30BaHHbie, 
pacnpeAeneHHbie cncTeMbi / nporpaMMHoe o6ecneMeHne MoryT 6biTb cnpoeKTMpoBaHbi Ana othx MH(f)pacTpyKTyp. 
PaccMaipMBaiOTca MCcneAOBaHMH no ncnonb30BaHmo dpyKTypbi qenoHKM 6hokob b Bonpocax Kn6ep6e3onacHOCTM, 
TaKMx Kax 3aiAHTa 1/lHTepHeTa BemePi (loT), yMHbie ropoAa, KOMnbidepHbie ce™ v\ KOHcj3HASHAMa.nbHOCTb oMHHbix 
AaHHbIX. 

KntOHeBbie cnoBa: Kn6ep6e3onacHOdb, MHCfiopMaAMOHHaa 6e3onacHOdb, bnoKHePiH, KpwnTOBamoTa 

XULAS9 

Blokzanciri strukturunda saxlamlalan qeydiyyat sistemlorina Kripto valyuta (cryptocurrency), hamkarlar arasi (peer-to- 
peer) sistemlari misal gostara bilerik. Bu cur sistemlordan sadece valyutam tomin etmak ugun yox, hamginin 
infrastrukturlar uzarinda muxtalif “markazi olmayan” (decentralized), paylanmig (distributed) sistemlar/proqramlar 
hazirlanmasinda istifada olunur. Blokzanciri strkturunun; obyektlarin interneti (internet of thinks), agilli §aharlar (smart 
city), §axsi verilanlarin qorunmasi, komputer §abakalari iigiin istifadasi kimi kiber tahlukasizlik masalalari uzarinda 
tadqiqatlar aparilmi§dir. Blokzanciri tatbiqlarindaki asas problemlar va mumkun hallar nazardan kegirilmi§dir. Bu tip 
hallarin §abaka tahlukasizliyinda istifadasina dair takliflar gostarilmi§dir. 

Agar sozlar: Kiber tahlukasizlik, informasiya tahlukasizliyi, blokzanciri, kripto valyuta, kiber hiicum 

GiRi§ 

Bildiyimiz kimi bitcoin (BTC) P2P protokolundan istifada edan va markazi olmayan bir raqamsal valyutadir. Bu 
valyuta 2008-ci ilda elan edilmi§, 2009-cu ildan bari aktivdir. Protokol amaliyyati [1] Satoshi Nakamoto adi ila 
tamnmasina baxmayaraq, bu amaliyyatin bilinmayan §axslar tarafindan inki§af etdirildiyina inamlir. Heg bir finans 
tagkilati tarafindan idara edilmayan Bitcoin-nin miivaffaqiyyati, altcoin adi verilan toramalari ila davam edir. Bu 
maqalanin yazildigi anda bu tip valyutamn kegarli oldugu Coin Market Cap [2] birjasinda faaliyyatda olan 2127 farqli 
kripto valyuta vardir. Kripto valyuta yerina yetirilan amaliyyatlari P2P protokolu ila birbirina bagli komputerlar uzarinda 
blokzanciri strukturunda saxlamaqdadir. Ethereum kimi bir gox kripto valyuta tamin etdiklari API-lar vasitasila oz 
infastrukturlari va valyutadan istifada edan bagqa proqramlarin inkigaf etdirilmasi ugun muhit yaradir. Ethereum [3] 
proyekti oziinii blokzanciri tatbiqi platformasi olaraq tamdir va daim i§lak vazaiyyatda olan tatbiqlarin inkigafinda 
avazolunmaz rolu oldugunu iddia edir. Bu maqalada P2P va blokzanciri asasli arxitekturamn neca igladiyi va 
elementlari tadqiq edilmigdir. Bu arxitekturamn hansi tahlukasizlik servislarini dastakladiyi da gostarilmigdir. Bu 
strukturun kiber tahlukasizlik ugun istifadasina dair akademik maqalalardan da misallar gostarilmigdir. Blokzanciri 
asasli sistemlardaki problemlar ara§dirilmi§ va onlarin hallina yonalmig yeni metodlar dayarlandirilmigdir. 

Masalanin qoyulugu. BLOKZdNCiRi SiSTEMLQRi (BLOCKCHAIN SYSTEMS) 

Bazi sistemlarda farqliliklar olmaqla barabar BTC arxitekturasi [1] geni§ olaraq digar alternativ sistemlarda da istifada 
edilir. 3sas anlayiglar agagida gostarilmigdir: 

• Blokzanciri: Blokzanciri zamana gora siralanmig va daim boyuyan bir verilan strukturudur. Bloklar yerina 
yetirdiklari amaliyyatlari va bir avvalki blokun adresini ozunda saxlayir. Blokzanciri, amaliyyatlarin dayigdirila 
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bilmaz siyahilarmin saxlandigi bir qeydiyyat daftaridir (ledger). Ethereum-un istifada etdiyi bloklarda olan 
operativ kod da bu blok igarisinda saxlamlir. 

• Smart Contact: Ethereum proyekti ila blokzancirinda smart contact tatbiq etmak mumkundur. Bu alaqalarla 
verilanlari toplayan, emal edan va muxtalif hesablama amaliyyatlari yerina yetirmalari ugun bloklara operativ 
kod alava edan tatbiqlarin yazilmasi mumkundur. 

• Mining Node: Qmaliyyatlarin hayata kegirilmasini tamin edan komputerlardir. Bvvallar sadaca emal giicuna 
ustunluk verilirdisa sonralar ekran kartlarindaki prosessorlarin va ya bu ig ugun bazara gixarilmig xiisusi 
kartlarin istifadasina da yer verildi. 

• Mining Power: Hash amaliyyatlari adatan ekran kartlarimn prosessorlarin in uzarinda GPU hesablama 
hayata kegirdir va H/s (1 saniyada yerina yetirilan Hash amaliyyatlarin sayi) va Kilo-Mega-Giga (min, 
milyon,milyard) vahidi ila tayin olunur. Bir ekran karti Mh/s giicii ila iglayirsa, hamin cihaza alava bir nega 
kartlar qogsaq yuksak mining power alda eda bilarik. 

• Consensus Pratakollari: Blokzancirinin butun duyunlarinin eyni ola bilmasi ugun na cur dayigikliklar 
edilmali oldugunu muayyanlagdiran qaydalar toplusudur. PoW va PoS yanagmalarim nazardan kegirdak. 
igladiyinin subutu (Proof of Work, PoW), her bir duyun ugun dayigiklik taklifi irali surmak haqqim qazanmaq 
ugun avvalca yerina yetirmali olan bir tapgiriq kimidir. Bagqalari tarafinda hallinin gatin oldugu lakin iglak 
vaziyyatinda asanliqla halli tapilan bir masaladir. PoS (Proof of Stake), PoW -daki hesablama avazina 
sistemda sahib oldugu valyutaya gora (kripto valyuta) blokzancirinin kirn tarafindan yaradilacagim segmaya 
imkan veran bir yanagmadir. 

• Hesab nomrasi: Har cihaz vaya istifadagiya xas olan kripto valyutam ozunda saxlayan unikal (unique) bir 
hesab nomrasidir. Masalan: a94f5374fce5edbc8e2a8697c15331677e6ebf0b 

• Sistemin asas xususiyyatlari: 

• Smaliyyatlar markazi deyil (yani bir markazdan idara olunmur) 

• Smaliyyatlar P2P gabakasinda butun duyunlara paylamlir (broadcast) 

• Smaliyyatlar birdan gox duyunlar tarafindan tastiqlanir va naticada blokzancirina alava olunur 

• Sistemdaki butun hesab nomralari public-dir lakin anonimdir. Hesabin iD-si eyni zamanda agiq agar (public 
key) olaraq istifada edilir 

• Mining node amaliyyatlari bloklar olaraq bir yera cam edir. 

Blokzanciri tatbiqinda mining adi verilan sistemlar, indiya qadar yerina yetirilan amaliyyatlar daxil olan butun 
blokzancirini ozunda saxlayirlar. Bloqu yaradacaq duyunlarin segimi concensus protokolu ila hayata kegirilir. 
Blokzanciri strukturundan istifada edan bir tatbiq vasitasila komputerl va komputer2 cihazlari arasinda harhansi bir 
amaliyyatin yerina yetirilacayi bir ssenaridaki yeni bloqun yaradilmasi va blokzancirina alava edilmasi §akil1 -da 
gostarilmigdir. Proseslararasi kegidlar gakilda gostarilan nomralar vasitasila nomralanmigdir: 

• Komputerl yerina yetiracak amaliyyati gabakada komputer2 da daxil olmaqla digar hissalar arasinda 
paylayar, 

• Sistemda mining pool istifadasi segimi mumkundur va amaliyyatlar paylamlaraq tatqiq edilir, tasdiqlanmig 
amaliyyat duyunlar tarafindan segilir. 

• §abakada istifada olunan protokola gora n adad amaliyyatlar toplu olaraq bir blokda saxlamlir. Duyunlar 
tarafinda yeni bir blok yaradilir, 

• Tastiqlama ugun gabakadaki digar komputerlara paylamlir, 

• Tastiqlama amaliyyatimn yerina yetirilmasi malumati gabaka daxilinda oturulur. 

• §abakada hissalar arasi concensus protokolu ila bir mining node segilir, segilan mining node yani duyun 
yeni bloqu blokzancirina alava edir. 

• Talab edilan amaliyyatlarin yerina yetirilmasinda igtirak edan cihazlara amaliyyatin ugurla baga gatmasi 
haqqinda malumat oturulur. 

Bloklar hash dayari ila avvalki bloklara baglamlir. Bu muddatda ozundan avvalki bloklardaki hash dayarlarindan 
umumi bir dayar gixardilir. Eyni zamanda avvalki bloqun hash dayari da saxlamlir. Blok daxilinda 4 amaliyyatin bir 
yera tolanaraq bir blokda yazilmasi hall alinan hash dayarlarindan bir asas dayar yaradilmasi (Merkle agaci) §akil3 - 
da gostarilmigdir. 

Blokzanciri asasli tatbiqlarin inkigaf etdirilmasi ugun muxtalif infastrukturlu amaliyyatlar movcuddur. Linux Foundation 
tarafindan irali surulan Hyperledger[4], 27 tagkilat tarafindan dastaklanan agiq qaynaq kodlu proyektdir. Bununla 
barabar farqli kripto valyuta infrastrukturlari da muxtalif API-lari tamin edir. Masalan, Ethereum blokzanciri 
platformasi, smart contact ila infrastrukturlari uzarinda muxtalif tatbiqlarin iglamasina icaza verir. Slidity[5] kimi yuksak 
saviyyali dillarla Ethereum virtual magin uzarinda smart contact inkigaf etdirmak mumkundur. 
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§akil 1. Blokzanciri asasli tatbiqda yeni bloqun zancira alava olunmasi prosesi 



§akil 2. Blokzanciri strukturu 



§akil 3. Merkle agacimn yaradilmasi 


SiSTEMiN ETiBARLILIGI (RELIABILITY OF THE SYSTEM) 

Kiber hucumgularin sistemi ala kegirmasi ugun, gabakadaki diiyunlarin goxunu ala kegirmasi lazimdir. Duyunlarin 
paylanmig vaziyyatda olmasi, bu ehtimali olduqca zaifladir. 

Blokzanciri strukturunda hash funksiyalari aktiv olaraq istifada edilir. Har blok, ozundan bir avvalki bloqun taminini 
qoruyar. Hash funksiyasi olaraq farqli alqoritmlar da istifada edilmakla birlikda, BTC SHA256 alqoritmini da istifada 
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edir. Sistemdaki bir amaliyyati dayigdirmak istasak, zancirdaki butun bloklari da nazara almaliyiqki bu da ozliiyiinda 
mukammal bir emal gucu talab edir. Zancirdaki har dayigikliyi blok ugun digar duyunlari da dayigikliya hazir etmali va 
bunun ugun da PoW hesablamalarmin da aparilmasi vacib olacaq. Bunu da 51% hucum kimi gostarmak olar, gunki 
bunun ugun gabakadaki butun duyunlarin mining emal gucunun an azi 51%-na sahib olmasi lazimdir. Hucum nazari 
olaraq mumkun olsa da praktikada bucur bir hucumun olmasi ehitmali gox agagidir va tasiri da gox qisa muddatli 
olaraq muayyanlagdirilib[6]. PoS istifada edildiyinda isa kiber hucumgunun butun kripto valyutamn an azi 51%-na 
sahib olmasi lazimdirki, Ethereum-da sadaca konsorsiumun alinda olan bir gucdur. 

T0HLUK0SiZLiK XiDM0TL0Ri (SECURITY SERVICES) 

Tahlukasizlik xidmatlari baximindan blokzancirinin, markazi va paylanmig verilanlar bazalarindan farqi Cadval 1-da 
gostarilmigdir[7]. Blokzanciri ila verilanlarin butunluyu (data integrity), alyetanliyi (availability) xidmatlari va xata 
toleransi (fault tolerance) an yaxgi formada taqdim olunur. Blokzanciri asasli sistemlar, gizlilik (confidentiality) 
xidmatini hadafa almamigdir. 

Cadval 1. B lokzanciri ila Markazi/Paylanmig VB-daki tahlukasizlik xidmatlarinin muqayisali analiz cadvali[7] _ 



Blokzanciri 

Markazi VB 

Paylanmig VB 

Verilanlarin butunluyu 

Yuxari 

Orta 

Orta 

Qlyetanliyi 

Yuxari 

Agagi 

Orta 

Xata Toleransi 

Yuxari 

Agaqi 

Yuxari 

Gizlilik 

Agaqi 

Yuxari 

Orta 


Qmaliyyati yerina yetiran cihazlarin butun verilanlari ortada olsa da kima aid olduqlarinm muayyan olmamasina 
gora maxfilik (privacy) asasli xidmatlar da taqdim olunur. 

Hall usullari. KiBER T0HLUK0SiZLiK UQUN iSTiFAD0Si (USAGE FOR THE CYBER SECURITY) 

Yeni texnologiyalar inkigaf etdikca paralel olaraq yeni tahluka tahdidlari da goxalmaqdadir. loT, smart city kimi 
populyar qavramlarin gostardiyi ustunluklarla barabar informasiya tahlukasizliyi masalasinin yaxgi gakilda nazardan 
kegirilmasi vacibdir. 

P2P asasli va paylanmig blokzanciri arxitekturasi ila kiber tahlukasizlik ugun maxfilik va butunluk asas olmaqla 
muxtalif tahlukasizlik xidmatlari tamin edacak hallar yaratmaq mumkundur. Blokzanciri, kriptoqrafiq alqoritmlar, 
raqamsal imzalar va hash funsiyalari kimi tahlukasizlik usullarindan istifada edir. Bank sektoru, finans tagkilatlari, 
saglamliq xidmatlari, elektron reyting xidmatlari (vaya elektron sasverma) loT va komputer gabakalari ugun daha 
genig formada istifadasi dugunulur. Tahlukasizlik va maxfilik sahalari uzra aparilan iglarda blokzanciri asasli 
yanagmalarin istifadasi perspektivlidir[8]. 

Conoscenti va hamkarlarimn nazari aragdirmalarinda [9], blokzanciri texnologiyasimn istifada edildiyi mumkun 
vaziyyatlar tadqiq edilmigdir. Blokzanciri texnologiyasimn butunluk (integrity), anonimlik (anonymity) va uygunlagma 
qabiliyyati (adaptability) xususiyyatlarina tasir edan unsurlar aragdirilmigdir. Blokzanciri texnologiyasimn verilan 
toplama va depolama idaraetmasi, mallarin va verilanlarin ticarati, identifikasiyasi va qiymatlandirma sistemlari kimi 
kateqoriyalarda istifadasi gostarilmigdir. 

Huh va hamkarlarimn aragdirmalarinda [10], loT cihazlarimn idarasi ugun blokzanciri texnologiyasimn istifadasi taklif 
edilmigdir. Platform olaraq Ethereum-un segildiyi bu aragdirmada Ethereum-un smart contact istifada edilarak loT 
cihazlarimn davramglarimn tayin edan kodlar yazilmigdir. Autoidentifikasiya maqsadli (authentication) istifada edilan 
agiq agarli infrastruktur (Public Key Infrastructure, PKI) ila kiber hucumgularin Ethreum platformasi uzarinda olan 
idaraetma sistemini nazarat etmasinin qargisini alir. Agarlarin idarasi ugun RSA kripto sistemi istifada edilir. Public 
keys Ethereum-da gizli agarlar (private keys) loT cihazlarinda saxlamlir. Bir gox obyektin/cihazin bir-biri ila qargiliqli 
tasir halinda oldugu bir loT muhitinda hassas verilanlar asas masaladir. Bu cur muhitda cihazlar arasindaki qargiliqli 
alaqa va hassas verilanlarin qorunmasi mutlaqdir. Buna gorada loT tahlukasizliyi masalasinin ahamiyyati har kegan 
gun daha da artmaqdadir. Dorri va hamkarlarimn aragdirmalarinda [11], loT tahlukasizliyi va gizlilik ugun blokzanciri 
yanagmasi va agilli evlar (smart home) ugun vaziyyatin aragdirilmasi taklif edilir. Aparilan aragdirmalardan problemin 
halli usullarinan DdoS va Linking hucumlarina qargi reaksiyasi da analiz edilir. 

Biswas va hamkarlarimn aragdirmalarinda [12], agilli gaharlardaki tahlukasizlik tahtidlarina qargi qorunmam tamin 
etmak va agilli gaharlari daha da tahlukasiz bir hala gatira bilmak ugun blokzanciri texnologiyasimn istifadasina 
baxilmigdir. Agilli gaharlarda olan cihazlarla blokzanciri texnologiyasimn inteqrasiyasimn dagimq bir muhitda 
tahlukasiz verilanlarin transferini tamin eda bilacayi ifada edilmigdir. 

Blokzanciri texnologiyasi operativ gakilda bahalidir va yuksak tezlikda genig ahata dairasinin olmasi asasdir. Bu 
masalalar bir gox loT cihazi ugun uygun deyildir. loT-da blokzanciri texnologiyasimn tatbiqi, yuksak enerji talabati, 
olgula bilmak qabiliyyati va amaliyyatin yerina yetirilma muddati kimi sabablara gora gox asan deyildir. Dorri va 
hamkarlarimn digar aragdirmalarinda [13], loT ugun yaxgilagdirilmig yeni bir blokzanciri arxitekturasi taklif edilir. Bu 
aragdirmalarda, Bitcoin-nin altstrukturunu yaradan klassik blokzanciri istifadasinin gatirdiyi problemlari aradan 
qaldirmaq ugun yungul (lightweight) blokzanciri arxitekturasi istifadasindan bahs edilir. Taklif edilan hallar, 
markazlagdirilmig va xususi olan, dayigdirila bilmaz qeyd daftarinda (Immutable Ledger, IL) va markazlagdirilmamig , 
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her k9S8 agiq (public) blokzancirindan yaranan ierarxik arxitekturaya sahibdir. IL, alava yuku azaltmaq ugun loT lokal 
gabaka saviyyasinda iglayir. Blokzanciri isa daha guclu bir tahlukasizlik ugun daha ust saviyyadaki cihazlarda olur. 
loT ugun yaxgilagdirilmig bu blokzanciri arxitekturasi, tahlukasizlik va gizlilik xususiyyatlarini ozunda camlagdiran blok 
tastiqi amaliyyati zamanim azaltmaq ugun PoW avazina dagimq tahlukasizlik usullari istifada edir. Mining 
texnologiyasinm muddati yoxdur, bu da bazi gecikmalari aradan qaldirir. Simuliyasiya naticalari, taklif edilan usulun 
agagi saviyyada paket va amaliyyat yukunu gatirdiyini gostarir. Xidmatin radd edilmasi hucumu (Denial Of Service, 
DoS), modifikasiya hucumu (modification attack), dugma hucumu (dropping atack) va alava etma hucumu 
(appending attack) kimi bazi hucum novlarina qargi da idaraetma nailiyyati da olgulmugdur. 

Fardi verilanlarin qorunmasi va gizlilik maqsadila da blokzancirinin istifadasi mumkundur. Bildiyimiz kimi uguncu 
hissa proqramlari vaya servislari cox miqdarda fardi va hassas verilanlari toplayir. Zyskind va hamkarlarimn 
aragdirmalarinda [14], blokzanciri asasli va blokzanciri asasli olmayan depolama sahalarinin birlagdirdiyi gizlilik 
asasli fardi verilanlar idaraetma plotformasi taklif edilmigdir. 

Fardi saglamliq haqqinda verilanlarin saxlamldigi elektron saglamliq haqqindaki malumatlara girig nazarat altinda 
olmalidir. Azaria va hamkarlarimn aragdirmalarinda [15], MedRec adim verdiklari blokzanciri asasli qeydiyyat 
idaraetma sistemi taklif edilmigdir. Xastalarin, genig tutumlu va dayigdirilabilmaz bir saglamliq haqqindaki malumata 
sahib olmasi bu malumatlara farqli sahiyya tagkilatlarindan asanliqla girig eda bilmasi hadaflanmigdir. Sistem, 
aragdirmagi va sahiyya iggilarinin sistema tohva vermasi ugun anonim verilanlari bir mukafat olaraq taqdim etmayi 
proqnozlagdirilir. Mining texnologiyasi PoW ila sistemin tahlukasizliyini tamin edacakdir. 

Watanabe va hamkarlarimn aragdirmalarinda [16], raqamsal haqqlar kimi sozlagmalarin idarasinin daha tahlukasiz 
hala gatira bilmasi ugun yeni bir mexanizm taklif edilir. Bu mexanizm tahlukasizlik hesabi (credibility score) istifada 
edan yeni bir konsensus metoduna sahibdir. Bu usul ila birlikda proof-of-stake (PoS) idarasi biryerda istifada edilarak 
hibrit blokzanciri strukturu yaratmiglar. Bu hucumgunun manbalari ala kegirmasinin qargisim alir va blokzancirini 
daha da tahlukasiz vaziyyata gatirir. Komputer gabakalari ugun istifadasina dair bazi aragdirmalar da aparilibdir. 
Galacakda blokzanciri asasli DNS va blokzanciri asasli internetden da bahs etmak olar. DNSChain [17]; sarbast, 
tahlukasiz va dagimq bir DNS hall usulu olaraq taklif edilmigdir. SecureChain [18], gabaka cihazlarimn 
strukturlagdirilmasi sanadlarinin va loglarin saxlanmasina yonaldilmig bir yanagmadir. Loglarin daha tahlukasiz bir 
strukturda saxlamlmasi, takzibolunmazliq va inkar etmak prinsipini tamin etmak maqsadi dagiyir. Diqqat gakan digar 
bir aragdirmada, Barnas [19]; yeni bir kiber mudafia yanagmasi modelini yaratmagin lazim oldugunu bildirdi va olka 
milli tahlukasizliyi ugun blokzancirinin istifadasina dair muxtalif takliflar irali surmugdur. Blokzanciri ila dayigdirila 
bilmaz qeydlarin yaratdigi va sistemdaki zaifliyin monitoringi yerina dayigikliklari izlamayin daha effektivli ola bilacayi 
bildirilmigdir. Tadaruk zanciri idarasinin istifadasi ila cihaz proqramlarimn da monitoringi mumkundur. Qlaqa 
altstrukturuna hucum edildikda, dagimq strukturunun va tahlukasizlik protokollarimn sayasinda alaqanin davamim 
tamin eda bilan altstrukturlarin qurula bilacayi haqqinda da damgilmigdir. 

PR0BLEML9R V0 YENi YANA§MA USULLARI (ISSUES AND NEW APPROACHES) 

Blokzanciri sistemlarinda alaqalarin loglarimn saxlamldigi bloklarin hacminin artmasi va bunun naticasinda yaranan 
amaliyyati yerina yetirma qabliyyatindaki problemlari, boyuk miqdarda mining duyunlari quran va bir nov fabriklara 
gevrilan girkatlarin sistemi idaraetma riski va yuksak enerji xarclari kimi problemlardan bahs etmak mumkundur. 
ODwyer va hamkarlarimn 2014-cu ildaki aragdirmalarinda [20], Bitcoin altstrukturunun enerji sarfiyatimn irlandiyamn 
enerji sarfiyati olan 3 GW-a gatdigi ehtimal edilir. Blokzanciri sistemlarinin genig istifadasinda daha gox enerji 
sarfiyatimn olacagi va 4000 GW-m kega bilacayi ehtimal edilir. Bu da oz novbasinda Amerikamn umumi enerji 
sarfiyatimn iki qatidir[21]. 

Bu sistemlardaki problemlara farqli yanagmalarla hall yollari axtarilir. Daha suratli va olgula bilan bir hall usulu olan 
Lightning Network [22] hall usulu taklif edilmigdir. Muayyan bir raziligin aide edilmasi ugun PoW yanagmasi avazina 
PoS yanagmasi muzakira edilir. Hatda bazi kripto valyutalar tarafindan da istifada edilir. Belalikla riyazi masalani hall 
etmak ugun xarclanan CPU gucu avazina tasadufi segim [23] vaya kripto valyuta dayarinin istifadasindan [24] 
damgmaq olar. PoS ila sistemin daha az enerji sarfiyati va daha suratli iglamasi iddia edilir [23]. 

N0TiC0 

Blokzanciri asasli kiber tahlukasizlik sistemlarinin ala kegirilmasinin digar usullara gora daha gatin oldugunu da 
demak olar. Hucumgunun gabakadaki mining gucunun an azi 51%-im alinda saxlamasi vaya proqram dayigikliyi 
ugun mining duyunlarinin goxlugunu ala kegirtmali olmagi bu texnologiyamn kiber tahlukasizlik sistemlarinda 
istifadasinin ahamiyyatini gostarir. 

Blokzanciri sistemlarinda hala da oz hallini tapmamig masalalar var. Bunlardan an vacibi aparilan amaliyyatlarin log 
fayllarimn saxlandigi bloklarin boyumasi va bunun naticasinda yaranan performans problemlari. Bununla barabar bu 
sistemlarin ehtiyac duydugu yuksak amaliyyat gucu va yuksak enerji sarfiyati da vacib bir amildir. Boyuk miqdarda 
mining duyunu quran idaralarin sistemi nazarati altina almaq riski da var. 

Lightning Network kimi daha suratli va olgulabilan yeni gabakalarin qurulmasi, P2P gabakasinda hansi duyunun 
qeydiyati aparacagimn segiminda daha az enerji talab edan PoS yanagmasimn istifadasi kimi yeni yanagmalar taklif 
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edilmi§dir. Blokzenciri texnologiyasina asaslanan kiber tehlukesizlik tadbirlarinin i§lemesi va inki§af etdirilmasi lazim 
oldugunu di}§unuruk. 
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ABSTRACT 

In order to prevent losses in industrial enterprises and users, especially as a result of studies of voltage quality, 
international standards were taken as a basis. The parameters characterizing the quality of electrical energy 
were analyzed, and the resulting damage was investigated. A measurement system has been created to detect 
interruptions that occur in power systems and problems related to mains voltage, such as voltage increase and 
decrease. 

Keywords: energy quality, electric energy, measurement accuracy, quality parameters, harmonic, linear load, 
non-sinusoidality 


AHHOTAI4I/IR 

flnn npeflOTBpameHnfl y6biTKOB b npoMbiLimeHHbix npeflnpuaTnax w y nocb30BaTeoeM, oco6em-io b pe3yobTaie 
npoBefleHHbix nccceflOBaHnPi KanecTBa HanpaxeHua, Me^yHapoflHbie CTaHAapTbi 6bmn B3HTbi 3a ocHOBy. Bbinu 
aHajin3npoBaHbi napaiweipbi, xapaKTepu3y(OLAue KanecTBO aneicrpi/iHecKoPi aHeprnu, v\ nccjieflOBaHbi B03HHKaK)u^ne 
noBperKfleHna. Co3flaHa M3MepuTeobHaa cncTeMa Ana onpeAenem/ia npepbiBaHuPi, B03HMKatomnx b aHepreTi/iuecKi/ix 
cucTeMax, n TaKMX npo6neM, CBa3aHHbix c HanpaxeHueM ce™, xax yBennueHne u CHn>KeHne HanpnweHun. 
KjnoneBbie cnoBa: KanecTBO arnepmn, aoeKipnnecKaa aHeprna, TOHHOdb u3MepeHua, napaMeipbi KanecTBa, 
rapMOHuxa, rw\newnan Harpy3xa, HecnHycouAanbHOCTb 

XULASS 

Senaye muassalarinda ve istifadagilarda meydana gelen zarerleri qargilamaq ugun, xususila gerginliyin nece olmasi 
ilo bagli aparilan aragdirmalar neticosindo beynelxalq standartlar osas goturulmugdur. Elektrik enerjisinin keyfiyyotini 
xarakteriza edan parametrlar aragdirilmig va yaranan nasazliqlar tadqiq edilmigdir. Enerji sistemlarinda amala galan 
kasilmalar, garginliyin artib azalmasi kimi gabaka garginliyinda bag veran problemlarin muayyan edilmasi ugun olgma 
sistemi yaradilmigdir. 

Agar sozlar: enerji keyfiyyati, elektrik enerjisi, olgma daqiqliyi, keyfiyyat parametrlari, harmonika, xatti yuk, qeyri- 
sinusoidalliq. 

GiRi§ 

Elektrik enerjisini hasil edan, paylayan qurumlarin baglica vazifasi ucuz va keyfiyyatli bir mahsulu istifadagilara 
gatdirmaqdir. Elektrik enerjisi keyfiyyatina nazarat olunmasinda maqsad sabit gabaka tezliyinda olan, sabit va 
sinusoidal formada olan dalga formasim qorumaqdir. 

Elektrik enerjisinin keyfiyyati dedikda gabakada amplitud va tezlik dayarlarinin va dalga gaklinin sinusoidal formasmin 
saxlamlmasi nazarda tutulur. 9ksina garginlik amplitudunun dayigmasi, kasilmalar, doyunmalar, tezliyin dayigmasi va 
ug faz dayigmalari enerjinin keyfiyyatsiz olmasini gostarir. Umumilikda elektrik enerjisinin keyfiyyati gabakadan enerji 
gorturan yuklar tarafindan pozulur va garginlik dalga gaklinin sinusoidal formasinin pozulmasini va baglica 
harmonikalar olmaqla istanilmayan tasirlar gostarir. Bu tasirlar Furye analizi ila gostarila bilar. Yuksak daracada 
hassas va kompyuter idarali cihazlarin yuk olaraq istifada edilmasi elektrik enerjisinin keyfiyyatinin onamini 
artirmigdir. Gunumuzda enerji keyfiyyati gox hassas movzulardan biridir. 

Elektrik paylama sistemlarinda qeyri-xatti yuklarin artmasi sababi ila gabaka garginliyi sinusoidal formadan 
uzaqlagmaga baglayir. Bu sabandan enerji keyfiyyatini muayyan sarhadlar altinda saxlamaq va periodik olaraq 
olgmak macburi hal almigdir. Sanaye muassalarinda, ofislarda, aligverig va ig markazlarinda istifada edilan elektrik 
yuklarinin onamli bir hissasi guc elektronikasi dovrlari, daimi guc manbalari va surata nazarat cihazlari qeyri-xatti 
elementlardan amala galmaya baglamigdir. Bu yuklar gabakada elektrik enerjisinin keyfiyyatini pozur va istifadagilar 
ugun manfi tasirlar yaradir. 
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QEYRi-xerriLiYiN S0B0BL0Ri 

Qeyri-xatti yuklarin istifadasinin artmasi sababi ila gabakada harmonikalarin sayi artmaqda va garginliyin dalga 
formasi sinusoidal olmali oldugu halda, sinisoidalliqdan uzaqlagmaqdadir. Harmonik dalga formalari bunlardan alava 
hamginin, sadaca garginlik dalga formasim pozmaqla barabar, transformator va elektrik muharriklarinin va 
kegiricilarin haddindan artiq isinmasina, dagiyici kabel va kondensatorlarin dielektrik materiallarinm pozulmasina va 
onlarin elektriki omurlarinin azalmasina gatirib gixarir [1-3]. Enerji sistemlarinda amala galan kasilmalarin, garginliyin 
artib azalmasi kimi gabaka garginliyinda bag veran problemlarin muayyan edilmasi ugun olgma sistemi yaradilmigdir. 
Bunun ugun muxtalif yuklari qidalandiran garginlik paylayicisindan muxtalif olgmalar alinaraq, lazimi analizlar 
aparilmalidir. Elektrik paylama sistemlarinda qeyri-xatti yuklarin artmasi sababi ila gabaka garginliyi sinusoidal 
formadan uzaqlagmaga baglayir. Bu sababdan enerji keyfiyyatini nazaratda saxlamaq va periodik olaraq olgma 
macburi hal almigdir [3, 8]. Sanaye muassalarinda, ofislarda, aligverig va ig markazlarinda istifada edilan elektrik 
yuklarinin onamli bir hissasi guc elektronikasi dovrlari, daimi guc manbalari va qeyri-xatti elementlarda amala galir. 
Bu yuklar gabakada elektrik enerjisinin keyfiyyatini pozur va istifagilara ugun manfi tasirlar yaradir. 

Qeyri-xatti yuklarin istifadasinin artmasi sababi ila gabakada harmonikalarin sayi artmaqda va garginliyin dalga 
formasi sinusoidal olmali oldugu halda, sinisoidalliqdan uzaqlagmaqdadir. Harmonik dalga formalari bundan bagqa 
hamginin, sadaca garginlik dalga formasim pozmaqla qurtarmir, transformator va elektrik muharriklarinin, kegiricilarin 
haddindan artiq isinmasina, dagiyici kabel va kondensatorlarin dielektrik materiallarinm siradan gixmasina va onlarin 
omurlarinin azalmasina gatirib gixarir. Bu sababdan qeyri-xatti elektrik yuklarinin harmonikalarin daracalarinin va 
gabakadaki tasirlarinin gox yaxgi bilinmasi lazimdir. Enerji sistemlarinda harmonikalarin muayyan bir daracada 
saxlamlmasi ugun beynalxalq standartlar muayyan edilmig va bu standarlara amal edilmasi baximindan bazi 
talimatlar verilmigdir [4-7]. Qisa muddatli garginlik azalmalari, gox sayda kigik istifadagilar ila boyuk sanaye 
istifadagilari arasinda problemlar yaradir. Dord beg period arzinda davam edan bu pozucu tasirlar hassas qurgularin 
dovradan gixmasina takan vermakdadir [5-8]. Sabit carayan muharriklari boya, plastik va s. bu kimi sanayelarda 
genig gakilda istifada edilir. §abakadaki garginliyin azalmasi istehsal edilan mallarin keyfiyyatinin azalmasina va 
umumi istehsal keyfiyyatinin agagi dugmasina sabab olur. Bundan alava istehsal olunan mahsullarda muayyan 
deffektlarada sabab olur. Maddi zararlardan alava sistemi yenidan iglak vaziyyata gatirmak ugun gox vaxt sarf etmak 
lazim galir. Bu problemlarlar sabaka garginliyinin nominal dayarin 88%-na dugduyu zaman bag verir. Sanaye 
muassalarinda va istifadagilarda meydana galan bu zararlari qargilamaq ugun, xususila garginliyin neca olmasi 
masalasinda aparilan aragdirmalar naticasinda beynalxalq standartlar gatiriimigdir [9]. Elektrik enerjisi keyfiyyati ugun 
yaradilan an asas standart iEEE 519 va EN 50160 standartlaridir. iEC standarti enerji keyfiyyati parametrlarinin 
toplanmasi va xarakteristikalarinin gixarilmasi ugun, iEC 61000 standarti isa harmonikalar ila, ara harmonikalarin 
olgulmasindaki hassasligi muayyan edir. Elektrik enerjisini hasil edan, paylayan qurumlarin baglica vazifasi, kasintisiz 
ucuz va keyfiyyatli bir mahsulu istifadagilara gatdirmaqdir. Elektrik enerjisi keyfiyyatin nazarat etmakda maqsad sabit 
gabaka tezliyinda olan, sabit va sinusoidal formada olan dalga gaklini qorumaqdir. 

ELEKTRiK ENERJiSiNiN KEYFiYY0T GOST0RiCiL0Ri 

Elektrik enerjisinin keyfiyyati dedikda gabakada amplitud va tezlik dayarlarinin va dalga gaklinin sinusoidal formasimn 
saxlamlmasi nazarda tutulur. 0ksina garginlik amplitudunun dayigmasi, kasilmalar, doyunmalar, tezliyin dayigmasi va 
ug faz dayigmalari enerjinin keyfiyyatsiz olmasim gostarir [5-8], Omumilikda elektrik enerjisinin keyfiyyati gabakadan 
enerji goturan yuklar tarafindan pozulur va garginlik dalga gaklinin sinusoidal formasimn pozulmasim va baglica 
harmonikalar olmaqla istanilmayan tasirlar gostarir. Bu tasirlar Furye analizi ila gostarila bilar. Yuksak daracada 
hassas va kompyuter idarali cihazlarin yuk olaraq istifada edilmasi elektrik enerjisinin keyfiyyatinin onamini 
artirmigdir. Gunumuzda enerji keyfiyyati gox hassas movzulardan biridir. 

Agagidaki gakildan gorulduyu kimi elektrik enerjisinin keyfiyyatina nazarat sadaca elektrik stansiyalarinda hall 
olunmasi lazim olan bir masala deyil (gak. 1). Bu sistemi tagkil edan, elektrik stansiyasindan istifagilara kimi igladilan 
yuklar va cihazlarin muayyan keyfiyyatda olmasi ila hall oluna bilar. 

Keyfiyyatli enerji ila tamin edilma ugun, enerjinin davamliligi, garginlik va tezliyin muayyan saviyyalarda olmasi, guc 
amsalimn 1-a yaxin olmasi, faza garginliklarinin stabil qalmasi, garginlik va carayanda olan harmonikalarin muayyan 
bir qiymatin ustuna gixmamasi kimi kriteryalar movcuddur. Butun bunlar elektrik enerjisinin keyfiyyat standartlarinm 
yaranmasina sabab olmugdur. Elektrik enerjisinin keyfiyyati enerji hasil edan va istifada edanlar baximindan farqli 
yanagilir [1j. 

istifadagi ugun elektrik enerjisinin keyfiyyat problemi avadanliq va qurgularin sahv iglamasi va yaxud heg 
iglamamasina sabab olacaq garginlik, carayan va tezlik dayigmalaridir. Agagidaki gakilda elektrik enerjisinin 
keyfiyyatinda muayyan problemlar yaradacaq bazi amillar gostarilmigdir [3j. 
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Yanmstansiya 


Yflkssk garginlik xatlari 


Eneiji stansiyasi 


§akil 1. Elektrik enerjisinin isifadagiys gatdirilma prosesi 


Elektrik enerjisinin keyfiyyetinin muayyan edilmesinda garginliyin, carayanm va tezliyin agagida verilmig gostaricilara 
uygun olub olmamasi yoxlamlir. Elektrik enerjisinin keyfiyyat gostaricilari agagidakilardir: Carayan garginlik 
harmonikalari; Garginliyin azalmasi va yaxud artmasi (Sags and swells); Transient; Ani dayigmalar (Flicker); Fazalar 
arasi carayan va garginliyin qeyri stabilliyi; Tezlik dayigmasi. 

Enerji sisteminin keyfiyyetinin pozulmasi, avadanliqlarda gixan nasazhqlar va istifadagilarin enerji talabinin daimi 
olaraq dayigmasi, garginlikda bag veran doyuntularda ozunu biruza verir [8-12], Elektrik enerjisini keyfiyyatini 
xarakteriza edan parametrlar agagida gostarilmigdir. Qeyri-sinisoidal garginliklarin elektrik gebakasina manfi 
tasirlarini aradan qaldirilmasi va enerji keyfiyyatini yaxgilagdirmaq ugun harmonikalarin analizi onamlidir. Elektrik 
enerjisinda harmonikalarin movcudlugu onun parametrlarina bilavasita tasir gostarir. Enerji keyfiyyatini xarakteriza 
edan parametrlari muayyan etmak eyni zamanda elektrik enerjisinin keyfiyyetinin artirilmasi baximindan boyuk 
ahamiyyet dagiyir. Bu parametrlar qiymatca na qadar kigik olarsa, istifagilar tarafindan alinan enerji bir o qadar 
sinisoidal dalga formasinda va keyfiyyatli olar. 

Elektrik enerjisinin distorsiyasi: 50 va yaxud 60Hz tezlikda sinisoidal garginlik va ya carayanm dalga formasinda 
amala galan har hansi bir tasirlar naticasinda pozulmalardir. 

Elektrik enerjisinin spektri: Elektrik enerjisinin spektri, onun muxatif harmonika amplitudlarimn, tezliylarinin va 
harmonika nomralarinin bir funksiyasi olaraq histoqram formasinda qrafik halidir. Elektrik enerjisinin umumi 
harmonika distorsiyasi: Umumi harmonika distorsiyasi carayan va yaxud garginliyin, harmonikli effektiv qiymatlarinin, 
asas dalgamn effektiv qiymatina bolunmasi ila ortaya gixan nisbatdir. Umumi harmonika distorsiyasi harmonikali 
siqnallarin asas siqnala gore saviyyasini muayyan edir. Ham carayan ham da garginlik ugun verila bilir. 

Bilindiyi kimi, sinusoidal dalga sinus funksiyasimn qrafiki tasviridir, kosinus dalgasi da sinusoidal formaya malikdir. 
Real vaziyyatda garginlik va carayan siqnallari sinusoidal formadan farqlanir, elektrik va komputer muhandisliyinda 
butun siqnallar sinusoidal deyil, onlardan goxu qeyri-sinusoiadal gorunuga malik olurlar. Raqamsal sistemlarin goxu 
kvadratik dalgalardan istifada edir, baxmayaraq ki, onlar yuksak suratli kegid prosesinda trapesiya gaklini almaga 
baglayirlar. Gksar bioelektrik siqnallar murakkab maili (enigli) dalga formasinda olur [1-4]. Elektrik agari agilib- 
baglanarkan siqnalin avvalki sabit vaziyyatina qayitmasi ugun talab olunan vaxt sinusoidal va qeyri-sinusoidal 
transient (qisa, tez kegan) siqnallarla mugayiat olunur. Qeyri-sinusoidal siqnallar tipik periodik raqslardir. Onlara 
misal olaraq impuls, addim, maili va yigilma (convolution) - doyunan, duzbucaq va kvadratik funksiyalari, ugbucaq, 
migarvari formali siqnallari gostara bilarik. Periodik qeyri-sinusoidal siqnallari tasvir etmak ugun Furye sirasinda 
istifada olunur: 

/(t) = A 0 + Atsincot + A 2 sin2ci)t + A 3 sin3ci)t + —I - A n sinn&jt + B^osMt + B 2 sin2(i)t + B 3 sin3(x)t + —F B n sinn&jt 

Gorunduyij kimi Furye sirasi ug hissadan ibaratdir. Birinci hadd A 0 siqnalin bir dovrdaki orta qiymatidir. ikinci hissa 
asas sinusoidamn hadlaridir. Uguncu kosinus siralaridir. Sinus va kosinus dovrlarinin amplitud qiymatlarina 
mahdudiyyat qoyulmur, lakin ikisinda da butun hadlarin har biri tezliyi birinci haddin tezliyinin tarn bolunanina uygun 
tezliklara malikdir. Kosinus va sinus dovrlarinin birinci hadlari fundamental hadlkair adlamr. Digar yuksak tezlikli 
hadlar harmonik siralar adlamr. Bundan bagqa onlarin period arzinda takrarlanmayan qeyri-periodik novlari da var. 
§ebakaya qogulmug elektrik yuklarinin bir standart va yaxud oncadan muayyan edilmig garginlik dayarlarinda 
igladilmasi lazimdir. Ancaq son illarda texnologiyanm suratla inkgafina paralel olaraq enerji manbayina qogulmug 
yuklarin gabaka garginliyi uzarinda manfi tasirlari har kegan gun artmaqdadir. Garginlik kasilmasi, dugmasi, artmasi 
harmonikalar kimi an onamli garginlik problemlari qargimiza gixir. Yuxaridaki fasillarda qeyd etdiyimiz kimi bu 
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dayigmalar gabakaya bagli cihazlarda muxtalif nasazliqlar yarada bildiyi kimi, saniyanin onda biri qadar muddatda 
yaranmig garginlik azalmalari, yuksalmalari vs yaxud kssilmssi sistemda bir nega saat boyunca davam edan zararli 
tasirlar yarada bilir. Bu problemin sabab oldugu sahalar agagida gostarilmigdir: 

• Fasilasiz istehsalla maggul olan girkatlar. 

• igiqlandirma va tahlukasizlik sistemlari (xastaxanalar va hava limanlari). 

• Komputerla alaqali sahalar. 

ELEKTRiK ENERJiSiNiN KEYFiYY0TiNiN ARTIRILMASI YOLLARI 

Yaganmig bu problemlar naticasinda istehsalat itkilari va bunlarin umumi maliyya itkilari ortaya gixir. Bu sababla 
gabaka garginliyinin davamli olaraq olgulmasi va problem yaradan qurgularin agkar edilmasi lazimir. Bu igda enerji 
sistemlarinda amala galan kasilmalar, garginliyin artib azalmasi kimi gabaka garginliyinda bag veran problemlarin 
muayyan edilmasi ugun olgma sistemi yaradilmigdir. Bunun ugun muxtalif igladicilari qidalandiran garginlik 
paylayicisindan muxtalif olgmalar alinaraq, lazimli analizlar aparilmalidir. Yuxarida gostarilaniarin asaslandirilmasi 
maqsadi ila LabViEW proqram paketinda imitasiya modellagdirilmasi aparilmigdir. 

Taklif edilmig olgma sisteminin blok diaqrami gakilda verilmigdir (gak. 2). Bu diaqramdan gorunduyu kimi olgma 
sistemi proqram va qurgular olmaqla iki qrupa bolunur. Qurgu hissasinda olgma qurgulari, DAQ malumat toplama 
qurgulari va komputer aid edilir. Proqram hissasi isa LabVIEW proqraminda qurulan sxem va daxil edilan 
malumatlardan ibaratdir. 



§ak. 2. Olgma prosesinin blok diaqrami 


Olgma kartlari gabaka garginlik dalgalarim DAQ malumat toplama kartimn girigina uygunlagdirmaq ugun istifada 
edilir. Olgma sxemi analoq dovra elementlarindan tagkil edilir. Olgmanin mexanizmi malumat toplama kartindan 
garginlik malumatlarmin daimi olaraq alinmasi va bu malumatlarin analiz edilmasi LabViEW proqram paketi ila 
hayata kegirilir. 

Taklif olunan usul vaistasi ila ug fazali garginlik siqnallarimnm zamana gora dayigmasini izlamak olur. Hazirlanan 
olgma sisteminda garginlikda bag veran meyletmalar (garginlik kasilmalari, garginlik artimlari va azalmalari va.s.) 
muayyan edilarak komputerin yaddagina yazilir, proqram paketi vasitasi ila lazimi hesablamalar, tashihedici 
suzgaclama aparilir. 

Bu usulla olgma prosesinin aparilmasi ila olgma zamam istifadagiya ehtiyac olmamasi tamin edilir. Uzun muddat 
olgma aparilaraq naticalar komputerin sart diskina qeyd oluna bilar. Bundan alava enerji keyfiyyatinin pozulmasi 
problemlarinda uzun muddatli olgma naticalari analiz edilarak daha yaxgi hall yollarimn tapimasina garait yaradilir. 

N0TiC0 

LabViEW proqram paketindan istifada etmakla virtual olgu cihazi yaradilmigdir. Elektrik siqnallarin keyfiyyat 
gostaricilari aragdirilmig, qeyri-sinusoidalligi azaltmaq ugun suzgaclardan istifada edilmigdir. Tashihedici suzgaclarin 
sondurma amsallim muayyan etmak ugun proqram paketindan istifada edilmigdir. Aparilan tadqiqatlar qanaatbaxg 
naiticalar vermigdir. 
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REZUME 

Maqalada §exsi ve ta§kilati baximdan informasiya tahlukasizliyi strategiyalari ara§dirilmi§dir. O cumladan masalanin 
beynalxalq, siyasi, hiiqiqi, iqtisadi taraflari analiz edilmi§dir. Hamin sahalar uzra aktual elmi tadqiqat istiqamatlari 
muayyanla§dirilirmi§dir. 

Agarsozlar: informasiya camiyyati, informasiya tahlukasizliyi, informasiya muharibasi, kiber hucumlar. 

ABSTRACT 

The article discusses information security strategies, both personal and organizational. In particular, the international, 
political, legal and economic aspects of the problem were analyzed. Actual areas of research in these areas are 
being identified. 

Keywords: information society, information security, information war, cyberattacks. 

AHHOTAUMR 

B CTaTbe paccMaipnBaiOTCH CTpaierMM MHcfDopMaqMOHHOM 6e3onacHOc™, KaxnMHHbie, Tax n opraHM3aqMOHHbie. B 
HacTHOCTM, 6binn npoaHann3npoBaHbi Me>KflyHapoAHbie, nonMTMnecKMe, npaBOBbie n aKOHOMUHecxne acnexTbi 
npo6neMbi. AKTyanbHbie HanpaBneHMH MecneAOBaHMM b stmx o6nacmx BbmBnniOTcn. 

KnhoneBbie cnoBa: MHCfcopMaqMOHHoe o6mecTBO, UHC^opMaquoHHan 6e3onacHOdb, MHCfcopMaqMOHHaH BOMHa, 
Kn6epaiaKM. 

BBEflEHME 

CeroAHn npoqecc cfiopMnpoBaHun m pa3B mtmh rno6anbHOM AMCfipoBOM cpeAbi m BnpiyanbHbix OTHOweHMM hast noA 
BnnnHneM MHCfiopMaqMOHHbix m KOMMyHMKaqMOHHbix TexHonorMM (MKT), oco6eHHO MmepHeia. OTHOLueHun bo Bcex 
o6nacmx, BKmoHan rocyAapcTBeHHoe ynpaBneHMe, ccfcepbi 3kohommh6ckom AeaienbHOc™, Hay-mo- 
o6pa30BaienbHyto CMCTeiwy, MHC^opMaqMOHHO-KOMMyHMKaqMOHHyio cpeAy, nacTHyio >KM3Hb m nacTHbiM cexTop, 
TpaHCCt30pMMpyK)TCn M3 TpaAML(MOHHblX B BMpTyaAbHbie. 

riepexoA k BMpiyanbHbiM OTHomeHMHM, HapHAy c npeMMymecTBaMM, xoiopbie oh npMHOCMT nenoBenecTBy, Taxwe 
co3AaeT pnA npo6neM. B stom CMTyaqMM Heo6xoAMMbi HOBbie MeiOAbi m MHdpyMeHTbi 6e3onacHOCTM. 

riOCTAHOBKA 3AflAHM 

llonMTMKa 6e3onacHOCTM - 3 to Ha6op npaBMn, npMHSiTbix npeAnpMHTMHMM m opraHM3aqMHMM, KOTopbie noMoraiOT 
onpeAenMTb ypoBeHb 6e3onacHOdM, KorapoMy AonwHbi cneAOBaib Bee coipyAHMKM m coBMecTHbie ynpe>KASHMH [1]. 
rionMTMKa MHC^opMaqMOHHOM 6e3onacHOCTM Ha ypoBHe opraHM3aqMM npeACTaBnnei co6om Ha6op pyxoBOAHiAnx 
npMHAMnoB ahh oxBaia m ynpaBneHMH BceMM AencTBMHMM no MHCfcopMaqMOHHOM 6e3onacHOCTM ahh 6e3onacHOCTM 
ocfjMca m npeAnpMHTMH m HBnneicn AOxyMeHTOM, xorapoMy Aon>KHbi cneAOBaib Bee coipyAHMKM, MMetomue Aociyn k 
MCTOHHMK aM MHCflOpMaqMM. 

Xoth nonMTMxa MHcfiopMaqMOHHOM 6e3onacHOCTM pa3iiMHHa ahh k8>kaom opraHM3aqMM, OHa o6biHHO BKniOHaeT 
o6iAne nono>xeHMH, onMCbiBatoiAne o6n3aHHOCTM coipyAHMKOB, cpeACTBa ynpaBneHnn, penn m 3aAanM ahh 
ynpaBneHMH, 3aLAmy pacnpocipaHeHMH opraHM3apMOHHOM MHcfDopMapMM, a Taioxe npaBMna m nonoweHMH, 
perynupytoiAne 3aiAMTy xpMTMHecKM Ba>KHbix onepapMM. Ha 6onee hm3kom ypoBHe cneAyei HanMcaib nonMTMKy, 
ecnM Heo6xoAMMO 6onbme MHcfiopMapMM o coTpyAHMKe, 6onbme BonpocoB, Tpe6yiOLAnx pemeHMH, 6onee 
noApo6Hoe o6cyx<AeHMe npeAMeia. HanpMMep, Ha6op npaBMn ahh co3AaHMH m ynpaBneHMH yneTHbiMM 3anMCHMM 
nonb30BaieneM, 3a6biTMH naponn, CMeHbi naponn m ayieHTMCfcnKapMM hoboto naponn onMcaH b HanMcaHMM noA- 
nonMTMKM [1]. Mbi MO>xeM ccbinaTbcn Ha ynpaBneHnecKMe peweHMH Bbicwero ypoBHH, nonMTMKM aneKTpoHHOM noHTbi 
m APyrne npaBa Ha ompaBKy m nonyneHne aneKTpoHHOM non™ nonb30Baienn. 

nonMTMKM HM>KHero ypoBHH m ynpaBneHMe BepxHero ypoBHH MoryT BKnKwaTb Taxne npo6neMbi, xax cy6-nonMTMKM 
SneKTpOHHOM nOHTbl, HT 06 bl COTpyAHMKM MOmM npM Heo6xOAMMOCTM HMTaTb CBOM SneKTpOHHbie nMCbMa, a He 
ompaBnHTb KOHCfiMAeHqManbHyK) MHCfDopMapMK) no sneKTpoHHOM noHTe. 
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OpraHM3ai4MOHHbie nonMTMKM MHcfDopMapMOHHOM 6e3onacHOc™ MoryT 6biTb 6onee CKOHpempMpoBaHbi Ha 
HeKOTopbix xmoneBbix aaeMeHTax 6e3onacHOc™ (KOHcfinAeHAManbHOCTb, penocTHOCTb, AOCTynHOdb m t. fl.) B 
noipe6HOCTHX npeAnpMHTMM. HanpMMep, KOH(J}MA6Hi4ManbHOCTb v\ HenpHKOCHOBeHHOCTb b BoeHHbix ynpe>KAeHMHX m 
nOJIHTMKa MHCflOpMapMOHHOM 6e30naCH0CTM BblLUJlM Ha nepBbIM naaH. Ba>KHO, HT06bl MHCfDOpMaiJMH O BOeHHOM 
ncipe6mejie ripn nocaAxe He 6bina M3yneHa (KOHcfDMAeHpHanbHa) nan M3MeHeHa npoTMBHMKOM. B APyroM npMMepe 
nonMTMKM HHcfDopMaAMOHHOM 6e3onacHOCTM, ncnoab3yei\/ibie b HeKOMMepnecKHx KOMnaHMHX, b nepByto onepeAb 
HaxoAHTca Ha nepeAHeM xpae AOCTynHOCTH. B Bbicwnx yne6Hbix 3aBeAeHnax, rAe o6-bHBnniOTCH pe3ynbiaTbi 
3K3aMeHOB, dyAeHTbi MoryT npocMaipHBaTb pe3yabTaTbi 3K3aMeHa npaBMnbHO (no KpanHen Mepe) nocne 
06-bHBneHMH pe3ynbiaTOB [2]. npo6nei\/ia, BbinBneHHan b pe3ynbTaie OTBeTCTBeHHOCTH m OTBeTCTBeHHOCTM 
nonb30BaTenen, aAMMHMCTpaiopoB m TexHMHecKoro nepcoHana 3a o6Hapy>xeHMe Kn6epaTax h APyrMx npo6nei\/i, mom 
no KaKHM xaHanaM m xax Aonro 6yAyT ynHTbiBaibcn aTaxM, Aon>KHa 6biTb neTKO yxa3aHa b nonMTMxax 6e3onacHocin. 
CndeMbi Aon>KHbi 6bub BKniOHeHbi b nonMTMKM, orpaHMHMBatomne Aociyn nonb30BaTenn k CMCTeMe, came xax 
pa6onee BpeMH CMCTeM b TeneHMe ahh, a Taioxe ycnoBnn Ann B03Bpaia AaHHbix b cnynae c6on. [2,3]. 
rionmMKa 6e3onacHOCTM onpeAenneT cipaiermo ynpaBneHMn, o6teM pecypcoB m pa3Mep noAxoAa, KorapbiM 
pyKOBOACTBO CHmaeT m Bbi6npaeT none3HbiM. rionmMKa 6e3onacHOCTM ocHOBaHa Ha aHann3e CMenocTM (mom 
CMenocTM), KOTopan CHmaeicn peanbHOM Ann MHcfDopMapMOHHOM CMCTeMbi npeAnpnn™n. B 3tom cnynae 
aHann3npyeTcn CMenocib, onpeAenneTcn cipaTemn 3aiAHTbi, pa3pa6aTbiBaeicn nporpaMMa MHcfcopMapMOHHOM 
6e3onacHOCTM - Bee sto nonMTMKM 6e3onacHOCTM. Pecypcbi pacnpeAenntoTcn b cooTBeTCTBMM c noATOTOBneHHOM 
nporpaMMon, Bbi6npaiOTcn OTBeTCTBeHHbie 3a sth pecypcbi, onpeAenneTcn nocneAOBaienbHOCTb peanM3apMM 
nporpaMMbi m Tax Aanee. rionMTMKa 6e3onacHOCTM npeAnpMHTMH Aon>KHa MMeTb xopoTxyio CTpyKTypy m 
noAAep>KHBaTb nonMTMKM Bbicoxoro ypoBHH. 

rionmMKH Bbicoxoro ypoBHH AOn>KHbi BcerAa nepecMaipHBaTbcn, m, noMMMO yqoBneTBopeHMH TexyiAnx 
noTpe6HOCTeM npeAnpnninn, ohm Tax>xe o6ecneHMBaiOT BbinonHeHMe stmx Tpe6oBaHMM. llporpaMMHbiM AOKyiweHT 
Aon>xeH 6biTb pa3pa6oTaH t3kmm o6pa30M, HTo6bi oh He 3aBMcen ot KOHxpeTHOM TexHonorMM m HTo6bi b AOxyiweHTe 
He Tpe6oBanocb nacTbix M3ivieHeHMM. B xanecTBe npMMepa, Mbi Aon>KHbi M3ynnTb TMnoTeTMHecKyio noxanbHyio ceib 
HeKOTOpbIX npeAnpMHTMM, HT06bl 03HaK0MMTbCn C nOnMTMKaMM 6e30naCH0CTM. riOnMTMKM 6e30naCH0CTM 06blHH0 
AOKyMeHTMpytOTcn c o6tncHeHMeM npo6neMbi, o6nacTeM npMMeHeHMH, nonoweHMH npeAnpMHTMH, pacnpeAeneHMH 
o6n3aHHOdeM b ynpaBneHMM m t. a- pa3Aenbi BKniOHeHbi. MHCfcopMapMH, AMpxynMpyiOLAaH b noxanbHOM ceTM, 
Aon>KHa paccMaipMBaibcn xax KpnTMHecKan. JloKanbHan ceib no3BonneT nonb30BaTenio MMHMMM3npoBaTb pmckm 
6e3onacHOdM, o6MeHMBancb nporpaMMaMM n AaHHbiMM. lloaTOMy xa>KAbiM nonb30Baienb KOMnbtoiepa, 
noAxniOHeHHbiM k ceTM, Hy>KAaeicn b 6onbineM 3aiAMTe. Bee sto cnoco6cTByeT peanM3apMM Ha bhcokom ypoBHe 
MHcfjopMapMOHHOM 6e3onacHOdM b bmas AOxyMeHTOB. Bee annapambie, nporpaMMHbie m MHcfDopMapMOHHbie 
pecypcbi, BKniOHeHHbie b noxanbHyio ceib npeAnpMmMn, CHMTaiOTcn o6nacibio TexyiAeM nonMTMKM. \lonmma 
HanpaBneHa Ha pa6oTHMKOB ceTM, nonb30BaieneM, cy6noApnAHMKOB, nociaBLAMKOB m MHoroe APyroe. 

OcHOBHan penb - o6ecneHMTb nonHOTy, AOCTynHOdb m KOHc]3MAeHi4ManbHOCTb ashhux, a Taioxe mx aKTyanbHOCTb m 
nonHOTy. L[enM BKniOHaiOT b ce6n: 

• 06ecneHeHMe ypoBHn 6e3onacHOCTM b cooTBeTCTBMM c HopMaTMBHbiMM AOKyMeHTaMM; 

• ripMBep>KeHHOCTb papMOHanbHOM skohommm npM Bbi6ope Mep 3aiAMTbi (pacxoAbi Ha o6opoHy He Aon>KHbi 
3aBMCeTb OT HapyLLieHMM MHC|)OpMaAMOHHOM 6e30naCH0CTM); 

• Be3onacHOCTb b k3>kaom cfiyHKAMOHanbHOM o6nacTM noxanbHOM ceTM; 

• Y6eAMTecb, hto Bee AeMCTBMn nonb30BaTenn, Mcnonb3yiOLAero MHctiopMapMio m pecypcbi, hbchiotch 
nOAOTHeTHblMM (HT 06 bl 6blTb nOAOTHeTHblMM); 

• 06ecnenMTb aHanM3 ynoivinHyTOM MHCfiopMaAMM; 

• llpeAOCTaBneHMe nonb30BaTenio AOCTaraHHOM MHcfDopMapMM Ann pa3yMHoro noAAep>i<aHMn pe>KMMa 
6e3onacHOCTM; 

• PaccMOTpeHMe kpmtmhcckmx CMTyaqMM b cfiyHKAMOHanbHbix o6nacTnx Ann pa3pa6oTKM nnaHa 
BoecTaHOBneHMn nocne aBapMM m o6ecneHeHnn HenpepbiBHOM pa6oTbi ceTM; 

• Co6niOAeHMe npMMeHMMbix 3aK0H0B o 6e3onacHOCTM m opraHM3ai4MOHHbix nonMTMK [3,5]. 

OcHOBHan nonMTMxa 6e3onacHOCTM onpeAenneT, HacKonbKO npeAnpMHTMe aHanM3npyeT MHcfiopMaAMio, kto MMeeT k 
HeM AOCTyn m xax OHa AOCTMraeTcn. riocTeneHHO yMeHbLueHHan 6a30Ban nonMTMxa 6e3onacHOCTM no3BonneT 
nocneAOBaTenbHO m nocneAOBaTenbHO BbinonHHTb pa6oTy, Heo6xoAMMyio Ann co3AaHMn CMCTeMbi 6e3onacHOCTM. 
Ba30Ban nonMTMxa no3BonneT BaM b nio6oe BpeMn 03HaK0MMTbcn c nonMTMKOM 6e3onacHOCTM m M3ynMTb TexyLAyio 
CMTyapMio c 6e3onacHOCTbio Ha npeAnpMHTMM. 

CTpyKTypa m CTpyKTypa nonMTMKM 6e3onacHOCTM 33 bmcmt ot qenM m ccfcepbi AenTenbHOCTM KOMnaHMM. 06bNHO 
ocHOBHbie nonMTMKM npeAnpnnTMH peanM3yiOTcn nyTeM npMrnaiueHMn KOMaHAbi nonMTMKOB, cnepManbHO 
noATOTOBneHHbix Ann npeAnpMHTMH, m peanM3apMM Mep 6e3onacHOCTM [4,5]. 

B HacToniAee BpeMn cyiAecTByiOT nonMTMKM, pa3pa6oTaHHbie cnepManbHO Ann hmx, m ohm MoryT Mcnonb30BaTbcn 
xax ManbiM, Tax m xpynHbiM 6M3HecoM. HexoTopbie nonMTMKM MoryT Mcnonb30BaTbcn Kax<AbiM npeAnpMHTMeM, a 
HexoTopbie npeAHa3HaneHbi Ann onpeAeneHHbix npeAnpMHTMM. 

YHMTbiBan oco6eHHOCTM HacTpaMBaeMOM nonMTMKM 6e3onacHOCTM, 6e3onacHOCTb mo>kho pa3AenMTb Ha Aae rpynnbi: 
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• riojiMTMKM, KOTopbie bjimhiot Ha onpeAeneHHoe KonriHecTBO nojib30BaTeaeM; 

• riOJlMTHKa, CBH3aHHaa C KOHKpeTHbIMH TeXHHHeCKMMM 06jiaCTHMM. 

• KoHKpeTHbie nojiMTHKH, KOTopbie BJiMHiOT Ha onpeAeneHHoe KOJiHnecTBO nojib30BaieneH, BKiuonaiOT b 
ce6a: 

• l/lcnoab30BaHMe nojimMK flociynHOCTM; 

• flodyn k yflaneHHbiM ceieBbiM pecypcaM noamMKM; 

• riOJlMTMKa 3aiHHTbl MHC^OpMapHM; 

• riojiMTMKa 3amnTbi napoiieM. 

• KoHKpeTHbie TexHHHecKkie xapaKTepMCTHKH BKmoHaioT b ce6a: 

• riojiMTHKa co3flaHna axpaHOB 6paHAMay3pa; 

• riOJlMTHKM LilMCfipOBaHMa H LiinCfcpOBaHMfl; 

• Virtual Security VPN Network nonmm<a 6e3onacHOCTn; 

• riojiMTMKM 6ecnpoBOAHOM cem m APyrwe [3,4]. 

PE3YJlbTAT 

MacTHbie KOMnaHMM v\ rocyAapcTBeHHbie KOMnaHMM b HacToamee BpeMfl cocpeAOTOHeHbi Ha ncnonb30BaHnn 
MHCf30pMaL4MH AOH npOAOJl>KeHMH CBOeM pa60Tbl. Co BpeMeHeM AeHHOCTb MHCtDOpMaqHM B03p0Cna, M Cn0C06H0CTb 
6e3onacHO xpaHmb m apxnBnpoBaib ee He cooTBeiCTBOBaria Tpe6oBaHMHM m b to *e BpeMH CTana Heo6xoAHMOM 
Heo6xOAMMOCTbK). 3ia 3aBHCHMOCTb OT MHCfTOpMaMHM nOJlOTKHJia 3aiAHTy B 3aiAmy MHCfTOpMaMHM. B 3T0M CMbICJie 
MHcfTopMaAMOHHaa opraHM3ai4HH 3aHMMaeT oneHb Baxmoe Mecio cpeAH aKTMBOB, KOTopbiMM OHa BiiaAeeT. 
MHCflOpMaAMH - 3T0 06teKT, KOTOpbIM TaK >Ke B3>KeH AOH 6l/l3HeCa, KaK M J1(060M APyrOM 06teKT, V\ n03T0My B3>KH0 
noAAsp>KMBaTb era HarniyHiuMM o6pa30M. 
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